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CHAPTER I  
THE PROBLEM 
INTRODUCTION
Female p a r t i c i p a t i o n  i n  lo n g  d is ta n c e  ru n n in g  i s  grow ing a t  a  
trem endous pace  th ro u g h o u t th e  w o rld . S e v e ra l r e c e n t  developm ents p ro ­
v id e  ev id en ce  o f  t h i s  phenomenon. P r i o r  t o  th e  1972 Olympiad a t  Munich, 
Germany, th e  lo n g e s t  Olympic t r a c k  e v en t f o r  women was th e  800 m e te r ru n .
A t Munich, th e  I 5 OO m ete r ru n  was added to  th e  program . By 1980, th e  
women's 3 OOO m ete r ru n  w i l l  he an  Olympic e v e n t.
The B oston  A th le t i c  A s s o c ia t io n , sp o n so r o f  th e  w orld-fam ous 
B oston  M arathon (26 m ile s -385  y a rd s ) ,  a llo w ed  fem ale  e n t r a n t s  to  o f f i c i a l l y  
ru n  i n  t h i s  c l a s s i c  e v e n t f o r  th e  f i r s t  tim e  i n  A p r i l  1972. S e v e ra l weeks 
l a t e r ,  th e  Am ateur A th l e t i c  Union (AAU) l e t  women ru n  i n  th e  M en's N a tio n a l  
Am ateur A th le t i c  Union M arathon Championship a t  S y ra c u se , New York, At 
i t s  K ansas C ity  c o n v en tio n  i n  November 1972, th e  AAU r u le d  t h a t  women were 
a llo w ed  to  s t a r t  w ith  men i n  r a c e s  lo n g e r  th a n  two m ile s . An announcement 
made a t  th e  1973 AAU N a tio n a l  C onvention  f u r t h e r  s t im u la te d  i n t e r e s t  in  
women's m ara thon ing  when th e  Union o f f i c i a l l y  re c o g n iz e d  th e  m arathon a s  
a  women's cham pionship  e v e n t. The f i r s t  Women's N a tio n a l  Am ateur A th le t i c  
Union M arathon Championship was ru n  a t  San M ateo, C a l i f o r n ia  on F eb ru ary  10, 
197^ '  A th i r t y - o n e - y e a r - o ld  m other o f  th r e e  from  C r e s t l in e ,  C a l i f o r n ia  
le d  s e v e n ty - th re e  o th e r  s t a r t e r s  t o  th e  f i n i s h  l i n e  i n  t h i s  26 m ile -385  
y a rd  r a c e .  A te n - y e a r - o ld  San F ra n c is c o  g i r l  f in i s h e d  f o u r th  i n  t h i s  
same e v e n t.
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Women’ s  c ro s s -c o u n try  ru n n in g  h a s  a l s o  in c r e a s e d  i n  p o p u la r i ty .  
Over 800 fem a le s  com peted i n  th e  Road R unners Cluh o f  Am erica Age-Group 
C ro ss-C o u n try  Cham pionships h e ld  i n  New York i n  e a r l y  November 1972. In  
th e  same month, 900 e n t r a n t s ,  aged  seven  to  f i f t y - f o u r ,  p a r t i c i p a t e d  i n  
th e  Women’ s  N a tio n a l  AAU Open and  Age-Group C ro ss-C o u n try  Cham pionships 
a t  Long B each, C a l i f o r n ia ,
S e v e ra l a u th o rs  have a tte m p te d  t o  compare men and women w ith  
r e g a rd  t o  th e  p h y s io lo g ic a l  d i f f e r e n c e s  r e l a t e d  to  a t h l e t i c  p e rfo rm an ce . 
An ex am in a tio n  o f  th e s e  d i f f e r e n c e s  sh o u ld  g iv e  a  b e t t e r  i n s i g h t  i n to  
th e  c a p a b i l i t i e s  o f  th e  fem ale  ru n n e r .
A erob ic  c a p a c i ty ,  o r  maximum oxygen in ta k e ,  i s  th e  b e s t  s in g le  
m easure o f  endurance f i t n e s s  and i s  c lo s e ly  r e l a t e d  to  th e  e f f i c ie n c y  
o f  th e  c a rd io v a s c u la r  and  r e s p i r a t o r y  sy s te m s• The maximum oxygen 
in ta k e  " . . . . . . i n d i c a t e s  th e  a b i l i t y  t o  ta k e  i n ,  t r a n s p o r t  and  u t i l i z e
oxygen i n  th e  w orking m uscle" (35)* A s tra n d  (3 ) r e p o r te d  t h a t  th e r e  
was a  c lo s e  r e l a t i o n s h i p  betw een a e ro b ic  c a p a c i ty , a s  m easured in  th e  
la b o ra to r y ,  and  p e rfo rm an ces i n  endurance  e v e n ts  such a s  c ro s s -c o u n try  
s k i in g  and d is ta n c e  ru n n in g . Men and women d i f f e r  i n  p h y s io lo g ic a l  
system s r e l a t e d  to  a e ro b ic  c a p a c i ty .  The d i f f e r e n c e s  in c lu d e  r e s p i r a ­
t i o n ,  c a rd ia c  fu n c t io n ,  c i r c u l a t i o n  and m uscle a v a i la b le  f o r  oxygen 
u t i l i z a t i o n .  A co m p ara tiv e  rev iew  o f  th e s e  system s su g g e s ts  t h a t  th e r e  
m ight be perfo rm ance  d i f f e r e n c e s  o f  men and women in  long  d is ta n c e  
ru n n in g  e v e n ts .
R e s p ir a t io n  D if fe re n c e s
A s tra n d  e t  a l ,  (3 ) found  w e l l - t r a in e d  m id d le -ag ed  women t o  have 
lu n g  volum es t e n  p e rc e n t  s m a lle r  th a n  t r a i n e d  men o f  th e  same age and
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w eight* The same a u th o r  r e p o r te d  t h a t  u n t r a in e d  women had  s m a lle r  lung  
volum es th a n  u n t r a in e d  men*
K la fs  e t  a l*  ( 25 ) n o te d  t h a t  women have a  s m a lle r  th o r a c ic  
c a v i ty ,  r e s p i r e  more r a p id ly  and  need  l e s s  oxygen th a n  men. Lower 
oxygen re q u ire m e n ts  f o r  women m ight he a t t r i b u t e d  t o  t h e i r  s m a lle r  
body s iz e  and  low er m e ta b o lic  r a t e .  The b a s a l  m e ta b o lic  r a t e ,  however, 
i s  s im i l a r  when e v a lu a te d  i n  r e l a t i o n s h ip  t o  m uscle mass (8 ) .
A s tra n d  ( l )  found  s im i la r  maximal v o lu n ta ry  v e n t i l a t i o n  m easure­
m ents i n  g i r l s  and  boys t h i r t e e n  y e a rs  o f  age and younger. The same 
a u th o r  c i t e d  c o n s id e ra b le  d i s s i m i l a r i t y  o f  maximal pulm onary v e n t i l a t i o n  
in  a d u l t  men and women; women a v erag ed  n in e ty - tw o  l i t e r s / m i n u t e ,  w h ile  
men a v erag ed  122 l i t e r s / m i n u t e .  He r e p o r te d  a  tw en ty  p e rc e n t  g r e a t e r  
v e n t i l a t i o n  p e r  l i t e r  o f  oxygen consumed i n  women th a n  in  men d u rin g  
submaximal work* L ik ew ise , g i r l s  had  a  te n  p e rc e n t  g r e a t e r  v e n t i l a t i o n  
p e r  l i t e r  o f  oxygen consumed i n  c o n t r a s t  t o  boys o f  th e  same age d u rin g  
maximal work*
M etheney e t  a l*  (2 9 ) compared v e n t i l a t i o n  i n  men and women 
(cc/m in/kgm ) w h ile  each  s u b je c t  w alked on a  t r e a d m i l l  ( a t  th r e e - a n d -  
o n e -h a lf  m ile s  p e r  h o u r on an  8*6 p e rc e n t  g rad e  f o r  f i f t e e n  m in u te s ) .
No s i g n i f i c a n t  d i f f e r e n c e s  were found . The same s tu d y  r e p o r te d  g r e a t e r  
maximum v e n t i l a t i o n  m easurem ents i n  men when compared to  women (w h ile  
ru n n in g  on a  t r e a d m i l l  a t  seven  m ile s  p e r  h o u r on an 8 .6  p e rc e n t  g ra d e ) .
A s tra n d  e t  a l*  (3 ) found  maximal v o lu n ta ry  v e n t i l a t i o n  t o  be 
low er i n  tw e n ty - f iv e - y e a r - o ld  women th a n  i n  men o f  s im i la r  ages* Women 
a v erag e  100 l i t e r s ,  w h ile  men a v e rag e  140 l i t e r s  i n  t h i s  m easurem ent (3 5 )• 
T h is  d i f f e r e n c e  i n  maximal v o lu n ta ry  v e n t i l a t i o n  m ight be a t t r i b u t e d  t o  
body s ize*
4
O ther s tu d ie s  have I n d ic a te d  t h a t  women have se v e n ty  p e rc e n t  o f 
th e  v i t a l  and  t o t a l  lu n g  c a p a c i t i e s  o f  men ( l ) .  However, th e  r a t i o  o f
r e s id u a l  volume t o  t o t a l  lu n g  c a p a c i ty  was found  t o  he th e  same i n  h o th
se x e s  ( l ) .
D if fe re n c e s  in  th e  B lood
I t  i s  w e ll  known t h a t  women have a  low er hem oglobin c o n te n t  in
th e  b lo o d  th a n  men ( 1 , 5 , 8 , 15)» D eV ries (8 ) made th e  g e n e r a l iz a t io n
t h a t  men i n  t h e i r  tw e n tie s  have f i f t e e n  p e rc e n t  more hem oglobin p e r  
100 m i l l i l i t e r s  o f  b lo o d  and  s ix  p e rc e n t  more e ry th ro c y te s  p e r  cu b ic  
m il l im e te r .  T h is  m ight su g g e s t t h a t  men have a  g r e a t e r  oxygen c a r ry in g  
c a p a c i ty  th a n  women, A s tra n d  ( l )  found  an 1 1 ,9  p e rc e n t  d i f f e r e n c e  i n  
hem oglobin betw een th e  se x e s , w h ile  a n o th e r  so u rce  (35) n o te d  t h a t  men 
a v e rag e d  s ix te e n  gram s p e r  100 m i l l i l i t e r s  o f  b lo o d  and a d u l t  fem a les  
had  a p p ro x im a te ly  fo u r te e n  gram s.
C ard iac  F u n c tio n
In  g e n e ra l ,  th e  a v erag e  man h as  a  l a r g e r  h e a r t  i n  r e l a t i o n  t o  
body w eigh t i n  com parison to  th e  fem ale  (2 0 ,2 5 ) , U lr ic h  (20) su g g e s te d  
t h a t  th e  male needs a  b ig g e r  h e a r t  b ecau se  men have a  l a r g e r  p o r t io n  o f  
m uscle t i s s u e  t h a t  m ust be s u p p lie d  by  th e  c i r c u la t o r y  system .
In  a d d i t io n  to  a  s m a lle r  h e a r t ,  th e  h e a r t  r a t e  o f  women i s  
u s u a l ly  h ig h e r  th a n ^ o f  t h e i r  male coun te ip> arts ( 1 ,2 9 ) ,  Montoye e t  a l ,  (31) 
s t a t e d ,  " th e  sex  d i f f e r e n c e  i n  h e a r t  r a t e  i s  w e ll  known, and  t h i s  i s  
l i k e l y  r e l a t e d  t o  low er hem oglobin c o n c e n tr a t io n  and  p e rh a p s  a  s m a lle r  
r e l a t i v e  h e a r t  s i z e ,  and  oxygen A-V d i f f e r e n c e  i n  fe m a le s" , Brouha (5 ) 
e x p la in e d , "A t a  g iv en  l e v e l  o f  oxygen consum ption th e  h e a r t  r a t e  I s  
h ig h e r  i n  women th a n  i n  men and , c o n v e rse ly  f o r  a  g iv en  h e a r t  r a t e ,  men
5
can t r a n s p o r t  more oxygen th a n  women d u rin g  submaximal and  maximal work"o 
He added , " in  b o th  se x e s  th e  maximum h e a r t  r a t e  d u rin g  e x e rc is e  i s  
l i n e a r l y  r e l a t e d  w ith  in c r e a s in g  work lo a d , b u t  e x h a u s tio n  i s  re a c h e d  
a t  a  low er l e v e l  o f  perfo rm ance i n  women".
Montoye e t  a l ,  ( ^ l )  u sed  a  m o d if ic a t io n  o f  th e  H arvard  S tep  T e s t 
to  o bserve  h e a r t  r a t e  re sp o n se s  o f  men and  women b e fo re , d u rin g  and 
a f t e r  submaximal e x e r c i s e .  The r e s t i n g  h e a r t  r a t e s ,  e x e rc is e  h e a r t  
r a t e s  and  p o s t  e x e r c is e  h e a r t  r a t e s  were a l l  h ig h e r  i n  th e  women.
M uscle -F at Im p lic a t io n s
I t  i s  g e n e r a l ly  a c c e p te d  t h a t  women have a  g r e a t e r  p e rc e n ta g e  
o f  ad ip o se  t i s s u e  th a n  men. R e se a rc h e rs  have found  n o rm ally  a c t iv e  
c o lle g e  men to  a v e rag e  1 2 .5  p e rc e n t  body f a t  (35 )• H ea lth y  c o lle g e  
women av erag e  25*7 p e rc e n t  body f a t  w ith  th e  ran g e  b e in g  13 .6  t o  3 6 .8  
p e rc e n t  (3 5 )•  On th e  o th e r  hand, th e  g r e a t e r  p e rc e n ta g e  o f  th e  t o t a l  
body w e ig h t i n  men i s  m uscle t i s s u e  (2 0 ) . T h is  m ight su g g e s t t h a t  men 
need more oxygen to  su p p ly  t h e i r  g r e a t e r  p e rc e n ta g e  o f  m uscle . T h is  
m u s c le - fa t  d i f f e r e n c e  a ls o  su g g e s ts  t h a t  women have l e s s  s t r e n g th  p e r  
u n i t  o f  body w eigh t (35 )•
A erob ic  C a p ac ity
Men and women d i f f e r  c o n s id e ra b ly  i n  th e  p h y s io lo g ic a l  system s 
in v o lv e d  w ith  ta k in g  i n ,  t r a n s p o r t in g  and  u t i l i z i n g  oxygen. Because o f  
t h i s ,  i t  i s  n o t s u r p r i s in g  t o  f i n d  t h a t  men have a  h ig h e r  maximal oxygen 
in ta k e  th a n  women.
A s tra n d  (2 ) found  maximal oxygen in ta k e  p e r  k ilog ram  o f  body 
w eig h t t o  be s im i l a r  f o r  g i r l s  and  boys aged  f o u r  t o  n in e . A f te r  
p u b e r ty ,  m ales have a  h ig h e r  maximum oxygen in ta k e  th a n  fem a le s  ( 1 ,5 ,1 5 ,1 9 ,2 6 ) .
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Von Dote In  (37) r e p o r te d  no d i f f e r e n c e s  i n  m aximal oxygen in ta k e  i n  
male and  fem ale  p h y s ic a l  e d u c a tio n  s tu d e n ts  and  te a c h e r s  when e x p re sse d  
p e r  u n i t  o f  f a t - f r e e  w e ig h t. Macnab e t  a l ,  (2 6 ) found  m ales s u p e r io r  
t o  fem a le s  i n  t h i s  p a ra m e te r  when th e  maximum oxygen in ta k e  t e s t s  were 
e x p re sse d  i n  l i t e r s  p e r  m inu te , m i l l i l i t e r s  p e r  k ilog ram  o f  body w eigh t 
p e r  m in u te , o r  m i l l i l i t e r s  p e r  k ilo g ram  o f  f a t - f r e e  body w e ig h t p e r  
m in u te , Macnab*s s u b je c ts  were c o lle g e  p h y s ic a l  e d u c a tio n  s tu d e n ts ,  
w h ile  M etheney e t  a l ,  (29) and  Hermansen e t  a l ,  (15) u se d  u n iv e r s i ty  
s tu d e n ts  i n  t h e i r  maximum oxygen in ta k e  s tu d ie s o  The men had  h ig h e r  
maximum oxygen in ta k e  v a lu e s  i n  th e  two l a t e r  i n v e s t i g a t io n s ,
Hermansen e t  a l ,  (15) o b se rv ed  a  f o r t y  p e rc e n t  g r e a t e r  maximum 
oxygen in ta k e  ( l i t e r s  p e r  m inu te) i n  male s tu d e n ts ,  o r  s ix te e n  p e rc e n t  
when body w eigh t was c o n s id e re d . D ata p r e s e n te d  by  th e  same a u th o r  
showed male a t h l e t e s  p a r t i c i p a t i n g  i n  e n d u ra n ce -ty p e  a c t i v i t i e s  had 
maximum oxygen in ta k e  v a lu e s  a v e ra g in g  f o r t y - f i v e  p e rc e n t  h ig h e r  th e n  
fem ale  a t h l e t e s ,  o r  t h i r t y  p e rc e n t  when body w eigh t was acco u n ted  f o r ,  
Hermansen concluded  t h a t  maximum oxygen in ta k e  d i f f e r e n c e s  betw een men 
and women were g r e a t e r  among th e  a t h l e t e s  th a n  among th e  n o n - a th le t i c  
s tu d e n ts .
O th er a u th o r s  have r e p o r te d  a  tw e n ty - f iv e  to  t h i r t y  p e rc e n t  
d i f f e r e n c e  i n  maximum oxygen in ta k e  betw een th e  sex es  (3 i5 )*  T h is  
av erag e  d e c re a se d  to  f i f t e e n  to  tw en ty  p e rc e n t  when a d ju s tm e n ts  were 
made f o r  body w eigh t (3 ) ,  D e sp ite  th e s e  f in d in g s ,  Brouha (5 ) hy p o th e­
s iz e d  t h a t  men and  women can u se  a n a e ro b ic  p ro c e s s e s  to  th e  same e x te n t .  
A lthough th e r e  i s  u n iv e r s a l  agreem ent w ith  r e g a rd  t o  th e  maximum oxygen 
In ta k e  d i f f e r e n c e s ,  we have l i t t l e  knowledge o f  th e  p h y s io lo g ic a l  b a s i s  
o f  th e s e  d i f f e r e n c e s ,  A s tra n d  (1 ,2 )  e x p la in e d  th e  low er maximum oxygen
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intsLke i n  women by  t h e i r  h ig h e r  a d ip o se  t i s s u e  p e rc e n ta g e  and  l e s s e r  
hem oglobin c o n c e n tra t io n  i n  th e  b lo o d , Macnab e t  a l ,  (26) r e f e r r e d  to  
d i f f e r e n c e s  i n  b lo o d  volum e, c a rd ia c  o u tp u t, lu n g  c a p a c i ty  and maximal 
v e n t i l a t i o n  a s  p o s s ib le  c au se s  o f  h ig h e r  maximum oxygen In ta k e  i n  men.
Perfo rm ance D if fe re n c e s
I n  a  s tu d y  by A s tra n d  ( l ) ,  male and  fem ale  s u b je c ts  p e d a l le d  on 
a  b ic y c le  e rg o m e te r a t  a  work r a t e  r e q u i r in g  2 .1  l i t e r s  o f  oxygen p e r  
m in u te . The men re a c h e d  averauge p u ls e  r a t e s  o f  128 b e a ts  p e r  m inu te , 
w h ile  th e  women av e rag e d  l6 8  b e a ts  p e r  m in u te . The r e s u l t s  in d ic a te d  
t h a t  th e  women were p ro b a b ly  u n d e r more s t r e s s  f o r  t h i s  ty p e  o f  e x e r c is e .  
I t  was e s t im a te d  t h a t  th e  women u se d  s e v e n ty - th re e  p e rc e n t  o f  t h e i r  
a e ro b ic  c a p a c i ty ,  w h ile  th e  men u sed  f i f t y  p e rc e n t ,
Macnab e t  a l .  (26) compared c o lle g e  p h y s ic a l  e d u c a tio n  s tu d e n ts  
on a  m o d ified  S jo s tr a n d  P h y s ic a l  Work C a p ac ity  T e s t ,  The t e s t  m easured 
p h y s ic a l  work c a p a c i ty  a t  th r e e  Submaximal work r a t e s  on a  b ic y c le  
e rg o m e te r. He a ls o  a d m in is tre d  à  p ro g re s s iv e  s te p  t e s t  whereby p h y s ic a l  
work c a p a c i ty  was e v a lu a te d  by th e  a b i l i t y  t o  m a in ta in  a  work r a t e  
e q u iv a le n t  to  a  s te a d y  s t a t e  h e a r t  r a t e  o f  170 b e a ts  p e r  m in u te . Men 
were s u p e r io r  t o  th e  women on b o th  t e s t s ,  w hether r e s u l t s  were i n t e r ­
p r e te d  u s in g  raw sc o re  u n i t s ,  u n i t s  p e r  body w e ig h t, o r  u n i t s  p e r  f a t - f r e e  
body w e ig h t, Holmgren, Gumming, and  B eng tsson  (26) found  men to  o u t­
perfo rm  women on th e  PWC^y^ submaximal t e s t .
T h i r ty  y e a rs  ago , M etheney a t  a l ,  (29) i n v e s t ig a te d  th e  p h y s io ­
l o g i c a l  re s p o n se s  o f  men and  women t o  m oderate  and e x h a u s tiv e  e x e r c is e .
The m oderate  a c t i v i t y  In v o lv e d  w alk ing  on a  t r e a d m i l l  f o r  f i f t e e n  m inu tes 
on an 8 ,6  p e rc e n t  g ra d e , w h ile  th e  more e x e r t in g  e x e rc is e  r e q u i r e d  each
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p e rfo rm e r  t o  ru n  on a  t r e a d m i l l  f o r  f iv e  m in u tes  a t  seven m ile s  p e r  h o u r . 
V e n t i l a t io n ,  oxygen consum ption , R e s p ir a to ry  Q u o tie n t, b lo o d  l a c t a t e ,  
b lo o d  su g a r , p u ls e  r a t e  and b lo o d  p re s s u re  m easurem ents were re c o rd e d  
d u rin g  and  a f t e r  each  t e s t .  No s i g n i f i c a n t  d i f f e r e n c e s  were ob serv ed  
i n  th e  v e n t i l a t i o n ,  oxygen consum ption and R e s p ir a to ry  Q u o tie n t v a lu e s  
d u rin g  m oderate  w alk ing  e x e r c is e .  A lthough b lo o d  su g a r  c o n c e n tra tio n s  
were s im i la r ,  f a s t e r  in c r e a s e s  i n  th e  h e a r t  r a t e s  and g r e a t e r  l a c t a t e  
c o n c e n tra t io n s  were n o te d  among th e  fem ale s u b je c t s .  The re c o v e ry  in d ex  
and th e  work in d e x , which m easured f i t n e s s  f o r  e x e r t io n ,  seemed to  i n d i ­
c a te  t h a t  th e  women were l e s s  f i t  f o r  m oderate  p h y s ic a l  a c t i v i t y .
D uring th e  ru n n in g  phase  o f  th e  M etheney s tu d y , th e  women av erag ed  
h a l f  th e  ru n n in g  tim e  o f  men, th e y  had  h ig h e r  b lo o d  su g a r l e v e l s  a f t e r  
th e  ru n , and  th e y  had  low er R e s p ir a to ry  Q u o tie n t, maximum v e n t i l a t i o n  
and oxygen consum ption v a lu e s .  I t  was concluded  t h a t  th e  women were 
even l e s s  f i t  f o r  ru n n in g  th a n  th e y  were f o r  w a lk in g . The a u th o rs  
o b serv ed  t h a t  th e  more f i t  women were s im i la r  t o  th e  l e s s  f i t  men.
D e sp ite  th e  s i m i l a r i t i e s ,  th e  b lo o d  l a c t a t e  l e v e l s  were s l i g h t l y  h ig h e r  
i n  th e  women and th e  fem ale  work in d ex  was s l i g h t l y  lo w er. I t  ap p ea red  
t h a t  th e  fem ales were l e s s  f i t  f o r  lo n g -d u ra t io n ,  submaximal work,
D eV ries (8 ) r e f e r r e d  t o  th e  endurance  ex p erim en ts  o f  K laus and 
Noack in v o lv in g  th e  t r a i n i n g  o f  men and  women o v e r a  p e r io d  o f  e ig h te e n  
w eeks. The r e s u l t s  in d ic a te d  t h a t  th e  m en 's c a p a c i ty  f o r  d is ta n c e  
ru n n in g  was o n e - th i r d  more th a n  f o r  women. The in v e s t i g a to r s  su g g e s te d  
d iscou ragem en t o f  fem ale  p a r t i c i p a t i o n  i n  ru n n in g  c o m p e titio n s  exceed ing  
1000 m e te rs . I t  i s  i n t e r e s t i n g  to  n o te  t h a t  e le v e n  y e a rs  a f t e r  t h e i r  
s tu d y  was p u b lis h e d , th e  I 5OO m ete r ru n  f o r  women was added t o  th e  
Olympic Games, In  19711 o v e r 100 women com peted i n  m arathons in  th e
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U n ite d  S ta te s  (3 8 ) , I n  F e b ru a ry  197^# s e v e n ty - fo u r  fem a le s  r a n  th e  
26 m ile -385  ysird m arathon a t  San M ateo, C a l i f o r n ia ,  At l e a s t  I 7OO 
fem a le s  r a n  i n  n a t io n a l  c ro s s -c o u n try  cham pionsh ips d u rin g  th e  1972 
se a so n ,
A s tra n d  (1 ,3 )  o b se rv ed  th e  p h y s io lo g ic a l  re sp o n se s  o f  two men 
and  two women, aged  2^-35» on a  s e r i e s  o f  work t e s t s  on a  b ic y c le  
e rg o m ete r and  t r e a d m i l l  o v e r an  e ig h t  hour p e r io d .  The s u b je c ts  a l t e r ­
n a te ly  c y c le d  and w alked f i f t y  m in u tes  and r e s t e d  f o r  t e n  m in u te s .
Seven f i f ty - m in u te  work p e r io d s  were c a r r i e d  o u t th ro u g h o u t th e  day,
A on e-h o u r r e s t  p e r io d  was p ro v id e d  a t  m id-day . The w orkload  o f  th e  
submaximal t e s t s  co rre sp o n d ed  t o  f i f t y  p e rc e n t  o f  each i n d i v i d u a l 's  
maximum oxygen in ta k e .  Each p e rfo rm e r l o s t  from  ,2  to  2 ,7  p e rc e n t  o f  
h i s  o r  h e r  t o t a l  body w e ig h t. I n  a d d i t io n  t o  d e h y d ra tio n , th e r e  were 
s l i g h t  in c r e a s e s  i n  body te m p e ra tu re  and d e c re a se s  i n  th e  R e s p ir a to ry  
Q u o tie n t r a t i o s .  The R e s p ir a to ry  Q u o tie n t d e c re a se s  may in d ic a te  a  
s h i f t  t o  f a t  com bustion  a s  a  so u rce  o f  en e rg y . The a u th o r  concluded  
t h a t  work lo a d s  co rre sp o n d in g  to  f i f t y  p e rc e n t  o f  th e  maximum oxygen 
in ta k e  sh o u ld  be th e  l im i t  f o r  e ig h t- h o u r  work p e r io d s  f o r  men and 
women,
A com parison o f  th e  a c tu a l  c o m p e titiv e  perfo rm an ces o f  men and 
women su g g e s ts  t h a t  th e r e  a re  p h y s io lo g ic a l  d i f f e r e n c e s  r e l a t e d  to  
lo n g -d is ta n c e  ru n n in g . The w orld  r e c o rd  f o r  th e  women's one m ile  ru n  
was e s t a b l i s h e d  by P a o la  G acchi o f  I t a l y  i n  1973o In  1967, Jim  Ryun o f  
th e  U n ited  S ta te s  ra n  3:31*1 f o r  th e  m en 's r e c o r d ,  Gacchi re c o rd e d  a  
4:29*5* I n  1972 , a t  l e a s t  t e n  male c o l le g ia n s  ra n  b e t t e r  th a n  3*59 i n  
t h i s  same e v e n t . I n  f a c t ,  t e n  Am erican schoo lboy  (h ig h  sc h o o l)  ru n n e rs  
ra n  b e t t e r  th a n  4 :13  d u rin g  th e  same y e a r .
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M arathon p e rfo rm an ces  a l s o  su g g e s t t h a t  p h y s io lo g ic a l  c a p a b i l i ­
t i e s  d i f f e r  i n  men and  women. T w en ty -e ig h t y e a r  o ld  A drienne Beames o f  
A u s t r a l ia  i s  th e  f a s t e s t  women's m ara th o n er o f  a l l  tim e w ith  a  tim e  o f
2 h o u rs , 46 m in u te s , and  30 seco n d s . M iki Gorman, a  Los A ngeles house­
w ife , ra n  th e  d is ta n c e  i n  2 h o u rs , 46 m in u te s , and  ^6 seco n d s . Gorman 
i s  re c o g n iz e d  a s  th e  w orld  r e c o rd  h o ld e r  because  Beames ra n  h e r  m arathon 
i n  an  u n sa n c tio n e d  r a c e .  In  I 969 , A u s tr a l ia n  D erek C lay to n  ra n  2 h o u rs ,
8 m in u tes  and  33*6 seconds a t  A ntw eip, Belgium  f o r  th e  m en 's r e c o rd . As 
o f  Ja n u a ry  1973, o n ly  te n  women m ara th o n e rs  had  e v e r  run  b e t t e r  th a n  
th r e e  h o u rs  i n  th e  m arathon . Seven hundred  Am erican men ra n  f a s t e r  th a n  
th r e e  h o u rs  i n  1970, 1100 i n  1972, and  a t  l e a s t  I 50O b e t t e r e d  t h i s  
s ta n d a rd  i n  1973# I n  1972, over 100 sub-2  h o u r-an d -2 0 -m in u te  m arathons 
were ru n  by  men th ro u g h o u t th e  w o rld . The perfo rm an ces o f  women m ara­
th o n e rs  have a ls o  im proved . T h ir te e n  American women ra n  b e t t e r  th a n
3 h o u r-an d -3 0 -m in u te  m arathons i n  1972. T h is  f ig u r e  r e p re s e n te d  a  100 
p e rc e n t  in c r e a s e  from  1971# In  1972, f i f t y - t h r e e  fem a les  ra n  f o u r  ho u rs  
o r  b e t t e r  i n  th e  m ara thon . D uring th e  1973 seaso n , e ig h ty  fem ales  ra n  
u n d e r fo u r  h o u rs  i n  m ara th o n s . When M iki Gorman e s ta b l i s h e d  th e  women's 
m arathon re c o rd , she f i n i s h e d  f o r t y - s i x t h  i n  a  f i e l d  o f  n e a r ly  6OO men.
E nv ironm en ta l A d a p ta b i l i ty
Women a r e  l e s s  a b le  to  a d a p t t o  h o t  env ironm en ts ( 8 ,1 3 ) .  S ince  
th e  f e m a le 's  th r e s h o ld  f o r  sw ea tin g  i s  above t h a t  o f  th e  m a le 's  m ain­
t a in in g  h e a t  b a la n c e  d u rin g  h o t w e a th e r  i s  more d i f f i c u l t  f o r  th e  fem a le . 
Forman (13) s t a t e d ,  " th e  f a c t  t h a t  fem a le s  p e r s p i r e  a t  a  h ig h e r  tem pera­
tu r e  th r e s h o ld  th a n  m ales may mean t h a t  th e y  would be a d v e rs e ly  a f f e c t e d  
by  h e a t  r e l a t i v e l y  e a r l i e r  th a n  t h e i r  male c o u n te rp a r ts  and  th u s  r e q u i r e
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m arkedly  d i f f e r e n t  r u l e s  p e r t a in in g  to  t h e i r  p a r t i c i p a t i o n  i n  long  
d is ta n c e  r a c e s " .
PROBLEM
S ta tem en t o f  th e  Problem
D e sp ite  th e  d i f f e r e n c e s  o f  m ales and  fem a le s , women a re  n o t on ly  
com peting w ith  men, h u t  many a re  a ls o  t r a i n in g  un d er s im i la r  system s and 
w ork loads . T h is  m ight su g g e s t t h a t  co ach es, p h y s ic a l  e d u c a to rs  and 
r e l a t e d  p r o f e s s io n a l s  a re  p r e s c r ib in g  t r a i n i n g  and  jo g g in g  program s 
w ith o u t a  sound p h y s io lo g ic a l  u n d e rs ta n d in g  o f  th e  submaximal endurance  
c a p a b i l i t i e s  o f  th e  fem a le . Many s tu d ie s  have been conducted  p e r ta in in g  
to  th e  p h y s io lo g ic a l  re sp o n se s  o f  men to  p ro lo n g e d  submaximal a c t i v i t y ,  
b u t few have compared men and women d u rin g  p ro lo n g ed  submaximal work.
P a s t  s tu d ie s  t h a t  have in v e s t ig a te d  th e  endurance  c a p a b i l i t i e s  o f  men 
and women have compared t h e i r  pe rfo rm an ces a t  a b s o lu te  w ork loads. L i t t l e  
r e s e a rc h  h as been  u n d e rta k en  u s in g  r e l a t i v e  lo a d s . L i t t l e  i s  known w ith  
re g a rd  to  th e  r e l a t i v e  endurance c a p a b i l i t i e s  o f  men and women.
P urpose
The p u rp o se  o f  t h i s  s tu d y  was to  compare th e  submaximal endurance 
c a p a b i l i t i e s  o f  men and women. S p e c i f i c a l ly ,  t h i s  in v e s t i g a t io n  compared 
th e  a b i l i t y  o f  men and  women t o  b ic y c le  a t  n in e ty - f iv e  p e rc e n t  o f  t h e i r  
maximal oxygen in ta k e  c a p a c i t i e s .  Com parisons were made betw een t r a i n e d  
men, t r a i n e d  women, u n t r a in e d  men and u n t r a in e d  womeno An a tte m p t was 
made to  d e te rm in e  i f  women c o u ld  p e rfo rm  a s  w e ll  a s  men w h ile  c y c l in g  a t  
r e l a t i v e  w ork loads e l i c i t i n g  n in e ty - f iv e  p e rc e n t  o f  t h e i r  maximal oxygen 
in ta k e  c a p a c i t i e s .  The r e s u l t s  o f  t h i s  s tu d y  sh o u ld  add i n s i g h t  to
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u n d e rs ta n d in g  th e  subm axim al endurance c a p a b i l i t i e s  o f  women when 
com pared t o  t h e i r  m ale c o u n te r p a r t s .
CHAPTER I I  
THE PROCEDURE 
THE SUBJECTS
F o u rte en  s tu d e n ts ,  e ig h te e n  to  tw en ty -one  y e a rs  o f  ag e , v o lu n ­
t e e r e d  to  p a r t i c i p a t e  i n  a  s e r i e s  o f  maximal and  submaximal b ic y c le  
endurance  t e s t s  a t  th e  U n iv e r s i ty  o f  Montana Human P erform ance L abor­
a to r y .  S u b je c ts  were c a te g o r iz e d  in to  one o f  th e  fo llo w in g  g ro u p s:
Group I  -  T ra in e d  Men (n=4)
Group I I  -  U n tra in e d  Men (n=3)
Group I I I  -  T ra in e d  Women (n=4)
Group IV -  U n tra in e d  Women (n=3)
The members o f  th e  t r a i n e d  g roups were long  d is ta n c e  and  m iddle 
d is ta n c e  ru n n e rs  from  th e  M isso u la , Montana a r e a .  The f o u r  t r a i n e d  
women were a t h l e t e s  on th e  U n iv e r s i ty  o f  M ontana Women's T rack  Team. 
T hree o f  th e  t r a i n e d  men were v a r s i t y  t r a c k  c a n d id a te s  a t  th e  U n iv e r s i ty  
o f  M ontana, w h ile  th e  f o u r th  was th e  M ontana I n t e r s c h o l a s t i c  Champion a t  
one m ile  (1973)» two m ile s  (1973) and c ro s s -c o u n try  ru n n in g  (1972, 1973)< 
The c r i t e r i a  u sed  i n  th e  s e l e c t i o n  o f  th e  t r a i n e d  s u b je c ts  were 
t h a t  th e  c a n d id a te s  m ust b e :
1 . e ig h te e n  to  tw en ty -one  y e a rs  o ld
2 , m iddle d is ta n c e  o r  lo n g  d is ta n c e  ru n n e rs
3» i n t e r e s t e d  i n  p a r t i c i p a t i n g  i n  th e  s tu d y
4 . w i l l in g  to  p a r t i c i p a t e  i n  a  s e r i e s  o f  maximal and
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submaximal b ic y c le  t e s t s  and  fo llo w  th e  g u id e l in e s  
o f  r e s t  and  d i e t  n e c e s s a ry  f o r  th e  su c c e ss  o f  th e  
in v e s t i g a t io n
A d e s c r ip t io n  o f  each  o f  th e  t r a i n e d  s u b je c t s  a p p e a rs  i n  T ab le  I ,
The u n t r a in e d  v o lu n te e r s  were n o t a t h l e t e s  and were n o t p a r t i ­
c ip a t in g  i n  p h y s ic a l  c o n d it io n in g  p rog ram s. None o f  th e  s u b je c ts  had 
e v e r  p a r t i c i p a t e d  i n  p h y s ic a l  a c t i v i t i e s  such a s  d is ta n c e  ru n n in g , 
c ro s s -c o u n try  s k i in g ,  swimming, d is ta n c e  b ic y c l in g  o r  o th e r  a c t i v i t i e s  
where c a rd io v a s c u la r  endurance  was e s s e n t i a l  t o  th e  s p o r t .  The c an d i­
d a te s  were in te rv ie w e d  i n  o rd e r  t o  a s s u re  t h a t  t h e i r  e x p e rie n c e  i n  
c a rd io v a s c u la r  t r a i n i n g  was l im i te d .
The c r i t e r i a  u se d  i n  th e  s e l e c t i o n  o f  th e  u n tr a in e d  s u b je c ts  
were t h a t  th e  c a n d id a te s  must b e :
1 . e ig h te e n  to  tw en ty -one  y e a rs  o ld
2 . non-sm okers
3 . u n t r a in e d  i n  c a rd io v a s c u la r  endurance  ty p e  a c t i v i t i e s
4 . i n t e r e s t e d  i n  p a r t i c i p a t i n g  i n  th e  i n v e s t i g a t io n
5* w i l l in g  to  p a r t i c i p a t e  i n  a  s e r i e s  o f  maximal and
submaximal b ic y c le  t e s t s  and fo llo w  th e  g u id e l in e s  o f  
r e s t  and  d i e t  n e c e s s a ry  f o r  th e  su c cè s  o f  th e  s tu d y  
A d e s c r ip t io n  o f  each  o f  th e  u n t r a in e d  s u b je c ts  a p p e a rs  i n  T ab le  I .
The i n v e s t i g a t o r  e x p la in e d  th e  p ro c e d u re s , p u ip o se s  and  th e  
e x p e c te d  tim e  r e q u i r e d  o f  each  s u b je c t .  Each c a n d id a te  was a sk ed  to  
r e p o r t  to  th e  la b o r a to r y  so  t h a t  he o r  she c o u ld  examine th e  equipm ent 
and  g e t  a  b e t t e r  co n cep t o f  th e  n a tu re  o f  th e  r e s e a rc h  program . The 
r e s e a r c h e r  in fo rm ed  each  s u b je c t  t h a t  th e  t e s t i n g  would r e q u i r e  maximal 
e f f o r t s .  Each v o lu n te e r  was exam ined by a  p h y s ic ia n  p r i o r  t o  p a r t i c i -
TABLE I
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PHYSICAL CHARACTERISTICS OP SUBJECTS
S u b je c ts
Male
H eig h t
( in c h e s )
S u b je c ts  ( t r a in e d )  
W eight 
(k ilo g ra m s)
Age
(y e a rs )
R.R. 70 68.18 18
D.E. 75 73.41 19
S.C . 6 8 .5 55.45 21
I . e . 69 68.41 18
x=?0.63 x=66.36 x=19
S u b je c ts
Female S u b je c ts  ( t r a in e d )  
H e ig h t W eight 
( in c h e s )  (k ilo g ra m s)
Age
(y e a rs )
A.B. 70 68 .75 21
M.H. 6 7 .5 52.72 21
B.M. 64 55.23 19
K.M. 62 . 46 .59 .  19
x -6 5 .8 8 x=55,82 x=20
S u b je c ts
Male S u b je c ts  (u n tra in e d )  
H eigh t W eight 
( in c h e s )  (k ilo g ra m s)
Age
(y e a rs )
J .A . 64 65 .45 18
D .J . 70 71 .25 19
J .H . 67 62 .27 19
x=67 x=66,32 x=18.67
S u b je c ts
Female
H eigh t
( in c h e s )
S u b je c ts  (u n tra in e d )  
W eight 
(k ilo g ra m s) ( y t f r s )
S.M. 68 56 .36 19
K.M. 70 76.08 19
T .R . 67 _ 62 .39 21
x=68•33 x=64. 94 x=19.^7
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p a t ln g  i n  th e  t e s t s .
EQUIPMENT
Equipm ent was needed  t o  c o l l e c t  and a n a ly z e  th e  e x p ire d  r e s p i r a t o r y  
g a se s  from  th e  b ic y c le  p e rfo rm e r . In s tru m e n ts  n e c e s s a ry  i n  t h i s  s tu d y  
in c lu d e d  th e  fo llo w in g ;
B ic y c le  E rgom eter
Each s u b je c t  was t e s t e d  f o r  maximum oxygen in ta k e  and  submaximal 
endurance  c a p a b i l i ty  on a  Monark b ic y c le  e rg o m e te r. By a d ju s t in g  th e  
knob lo c a te d  i n  f r o n t  o f  th e  h a n d le b a rs , b e l t  te n s io n  was a p p lie d  t o  th e  
e rg o m ete r w heel. The w ork load , i n  k ilo p o n d  o r  k ilo p o n d  m e te r u n i t s ,  was 
dependent upon th e  deg ree  o f  b e l t  t e n s io n  on th e  w heel a s  th e  p e rfo rm e r 
p e d a l le d ,  A gauge on th e  s id e  o f  th e  b ic y c le  re c o rd e d  th e  fo rc e  e x e r te d  
i n  k ilq p o n d s . The lo a d  was c o n v e rte d  t o  work r a t e  (k ilo p o n d  m ete rs  p e r  
m inute  by m u lt ip ly in g  th e  b ra k in g  fo rc e  i n  k ilo p o n d s  by th e  d is ta n c e  
p e d a l le d  (m e te rs )  i n  one m in u te . F ig u re  1 i l l u s t r a t e s  th e  b ic y c le  
e rg o m e te r u sed  i n  t h i s  s tu d y .
Gas C o l le c t io n  A ppara tus
Gas c o l l e c t io n  a p p a ra tu s  was needed i n  o rd e r  t o  c o l l e c t  th e  
e x p ire d  r e s p i r a t o r y  a i r  from  th e  s u b je c t  p e rfo rm in g  on th e  b ic y c le  
e rg o m e te r. These sam ples o f  a i r  were l a t e r  a n a ly z e d  in  o rd e r  t o  d e te r ­
mine th e  maximum oxygen in ta k e .  The g as  c o l l e c t io n  equipm ent u sed  i n  
t h i s  s tu d y  in c lu d e d  th e  fo llo w in g :
B re a th in g  v a lv e  and m o u thp iece . A C o l l in s  T r ip le  " J"  
b re a th in g  v a lv e  and f l e x i b l e  ru b b e r  m outhpiece a llo w ed  th e  s u b je c t  to  
in h a le  a tm o sp h e ric  a i r ,  and  e x p ire  r e s p i r a t o r y  a i r  i n t o  th e  D ouglas
17
F ig u re  1 : S id e  view  o f  b ic y c le  e rgom ete r
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b a g s . A foam ru b b e r , w ired  n o se p ie c e  was clam ped t o  th e  p e r fo rm e r 's  
nose d u r in g  th e  g as  c o l l e c t io n  p ro c e d u re s  t o  p re v e n t  a i r  flow  th ro u g h  
th e  n o s t r i l s .
Gas c o l l e c t io n  b a g s . Two, 200 l i t e r ,  vacuum -sealed , canvas 
D ouglas bags were u sed  t o  c o l l e c t  one m inute  sam ples o f  e x p ire d  a i r  
d u r in g  th e  maximum oxygen in ta k e  t e s t i n g .
Four-w ay v a lv e . A Hans-Rudolph fou r-w ay  v a lv e  r e g u la te d  th e  
flow  o f  e x p ire d  a i r  from  th e  C o l l in s  T r ip le  " J"  b re a th in g  v a lv e  to  th e  
D ouglas b a g s . The fou r-w ay  v a lv e  a ls o  c o n t r o l le d  th e  flow  o f  a i r  from 
th e  D ouglas b ag s t o  th e  gaso m ete r, where th e  volume o f  e x p ire d  a i r  was 
m easured . O n e -an d -o n e -h a lf  in c h  p l a s t i c  c o rru g a te d  tu b in g  co n n ec ted  th e  
b re a th in g  v a lv e  t o  th e  fo u r-w ay  v a lv e , th e  fou r-w ay  v a lv e  t o  th e  Douglas 
b a g s , and  th e  D ouglas b ags t o  th e  g aso m eter. The gasom eter i s  d e sc r ib e d  
u n d e r th e  n e x t s e c t io n  on g as a n a ly s i s  in s t ru m e n ts .
Pendulum m etronome. A W ittn e r  P r e c is io n  pendulum metronome 
a s s i s t e d  th e  p e rfo rm e r  i n  m a in ta in in g  a  p e d a l  r a t e  freq u e n cy  o f  s ix ty  
r e v o lu t io n s  p e r  m in u te .
P h y s io lo g ic a l  m o n ito r . A T e k tro n ix , Model 410 p h y s io lo g ic a l  
m o n ito r a llo w ed  th e  i n v e s t i g a t o r  t o  o b se rv e  h e a r t  r a t e s  d u r in g  th e  gas 
c o l l e c t io n  p ro c e d u re s .
C lock t im e r . A u n iv e r s a l  c lo c k  t im e r  was u sed  t o  tim e  th e  
b ic y c le  p e rfo rm e r  d u rin g  th e  maximum oxygen in ta k e  and submaximal 
endurance  t e s t s .
S topw atch . A th i r ty - s e c o n d  stopw atch  was u se d  t o  tim e  th e  
one m inute c o l l e c t io n s  o f  e x p ire d  a i r  i n t o  th e  D ouglas g as  c o l l e c t io n  
b a g s . S topw atches were a l s o  u sed  t o  tim e  th e  submaximal endu rance  t e s t s  
and  th e  g a s  a n a ly s i s  i n  th e  gas p a r t i t i o n e r .  F ig u re  2 i l l u s t r a t e s
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t a g s .  A foam r u t t e r ,  wirecL n o se p ie c e  was clam ped t o  th e  p e r fo r m e r 's  
nose d u r in g  th e  g as  c o l l e c t io n  p ro c e d u re s  t o  p re v e n t a i r  flow  th ro u g h  
th e  n o s t r i l s .
Gas c o l l e c t io n  h a g s è Two, 200 l i t e r ,  vacuum -sealed , canvas 
D ouglas h ags were u sed  to  c o l l e c t  one m inute sam ples o f  e x p ire d  a i r  
d u rin g  th e  maximum oxygen in ta k e  t e s t i n g .
Four-w ay v a lv e . A H ans-Eudolph fou r-w ay  v a lv e  r e g u la te d  th e  
flow  o f  e x p ire d  a i r  from  th e  C o l l in s  T r ip le  "J"  b re a th in g  v a lv e  t o  th e  
D ouglas h a g s . The fou r-w ay  v a lv e  a ls o  c o n t r o l le d  th e  flow  o f  a i r  from  
th e  D ouglas h ag s t o  th e  gaso m ete r, where th e  volume o f  e x p ire d  a i r  was 
m easured . O n e -an d -o n e -h a lf  in c h  p l a s t i c  c o rru g a te d  tu h in g  co n n ec ted  th e  
b re a th in g  v a lv e  to  th e  fou r-w ay  v a lv e , th e  fou r-w ay  v a lv e  to  th e  D ouglas 
h a g s , and th e  D ouglas hags t o  th e  g aso m ete r. The g aso m eter i s  d e s c r ib e d  
u n d e r th e  n e x t s e c t io n  on g as a n a ly s i s  in s t ru m e n ts .
Pendulum m etronome. A W ittn e r  P r e c i s io n  pendulum metronome 
a s s i s t e d  th e  p e rfo rm e r i n  m a in ta in in g  a  p e d a l  r a t e  freq u e n cy  o f  s i x t y  
r e v o lu t io n s  p e r  m in u te .
P h y s io lo g ic a l  m o n ito r . A T e k tro n ix , Model 410 p h y s io lo g ic a l  
m o n ito r  a llo w ed  th e  i n v e s t i g a t o r  t o  o bse rve  h e a r t  r a t e s  d u r in g  th e  gas 
c o l l e c t io n  p ro c e d u re s .
C lock t im e r . A U n iv e rs a l  c lo c k  t im e r  was u se d  to  tim e  th e  
b ic y c le  p e rfo rm e r d u rin g  th e  maximum oxygen in ta k e  and submaximal 
endurance  t e s t s .
S topw atch0 A th i r ty - s e c o n d  s topw atch  was u se d  t o  tim e  th e  
one m inute  c o l l e c t io n s  o f  e x p ire d  a i r  i n t o  th e  D ouglas g as c o l l e c t io n  
b a g s . S topw atches were a l s o  u sed  to  tim e  th e  submaximal endurance  
t e s t s  and  th e  g as a n a ly s i s  i n  th e  gas p a r t i t io n e a s  F ig u re  2 i l l u s t r a t e s
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F ig u re  2 : F ro n t view  o f  s u b je c t ,  g as c o l l e c t io n  a p p a ra tu s
and  t e s t i n g  equipm ent
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th e  g a s  c o l l e c t i o n  a p p a ra tu so
Gas A n a ly s is  In s tru m e n ts
A f te r  th e  e x p ire d  a i r  was c o l l e c t e d  i n  th e  D ouglas h a g s , th e  
n e x t p ro c e d u re  was t o  d e te rm in e  th e  maximum oxygen in ta k e  e x p re sse d  i n  
m i l l i l i t e r s  o f  oxygen u t i l i z e d  p e r  k ilo g ram  o f  body w e ig h t. The fo llo w in g  
in s tru m e n ts  were n e c e s s a ry  f o r  g as  a n a ly s i s :
Gas - p a r t l t i o n e r . Sam ples o f  e x p ire d  a i r  were a n a ly z e d  f o r  
th e  p e rc e n ta g e  co m p o sitio n  o f  carbon  d io x id e  and  oxygen by a  F i s h e r -  
H ajn ilton  g as  p a r t i t i o n e r .  O n e - l i t e r  a i r  sam ples were drawn th ro u g h  th e  
o5 m i l l i l i t e r  sam ple loop  o f  th e  p a r t i  t i o n e r  from  th e  D ouglas bag .
Upon p r e s s in g  th e  Toiob o f  th e  sam pling  v a lv e , a  flow  o f  he lium  c a r r i e d  
th e  g a se s  th ro u g h  two ch rom atog raph ic  colum ns where th e  oxygen and 
carbon  d io x id e  com ponents were s e p a ra te d .  A h e a te d  th e rm a l d e te c to r  
i n  th e  p a r t i t i o n e r  se n se d  th e  d i f f e r e n c e  i n  th e  th e rm a l c o n d u c t iv i ty  
o f  each  o f  th e  conqponent g a s e s , and  an e l e c t r i c a l  s ig n a l  was r e la y e d  t o  
th e  r e c o r d e r .
R e c o rd e r. A one m i l l i v o l t  T exas In s tru m e n t r e c o r d e r  a c c e p te d  
e l e c t r i c a l  s ig n a ls  from  th e  gas p a r t i t i o n e r  and  r e g i s t e r e d  ch rom atog raph ic  
peak s on th e  r e c o rd e r  g raph  p a p e r . The p e rc e n ta g e  c o n te n t  o f  th e  com­
p o n e n ts  i n  th e  sam ple a i r  c o u ld  be i n t e r p r e t e d  by p l o t t i n g  th e  a p p ro p r ia te  
p o in ts  on th e  r e f e r e n c e  g raph  l i n e .
S u p p re sso r . A F is h e r  z e ro  su p p re s s o r  supp lem ented  th e  
o p e ra t io n  o f  th e  r e c o r d e r  and  p a r t i t i o n e r  by e x te n d in g  th e  ran g e  o f  
th e  r e c o r d e r .  The s u p p re s s o r  a llo w ed  th e  use  o f  a  h ig h  l e v e l  o f  i n s t r u ­
ment s e n s i t i v i t y .
P re s s u re  vacuum pumn. A 115 v o l t  Neptune Dyna-Pump p u l le d
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F ig u re  3 î Gas a n a ly s i s  in s tru m e n ts
A. C a r r i e r  gas ta n k  (helium )
B. Gas p a r t i t i o n e r
C. P re s s u re  vacuum a i r  pump 
B, R eco rd er
E, R e fe ren ce  ta n k s
F . S u p p re sso r
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one l i t e r  sam ples o f  a i r  from  th e  D ouglas hag , th ro u g h  o n e -q u a r te r  in c h  
ty g o n  tu b in g ,  th ro u g h  a  d ry in g  tu b e  and  i n t o  th e  sam pling  v a lv e  o f  th e  
gas p a r t i t i o n e r .
D rying  tu b e . An e lo n g a te d  g la s s  tu b e  f i l l e d  w ith  g ra n u la te d  
m o is tu re  a b so rb e n t D r i e r i t e  p a r t i c l e s  d r ie d  sam ples o f  a i r  b e fo re  th e y  
e n te r e d  th e  g as p a r t i t i o n e r .
C a r r i e r  g a s . Helium g a s  c a r r i e d  th e  sam ple t o  be a n la y z e d  
th ro u g h  th e  ch ro m ato g rap h ic  colum ns i n  th e  p a r t i t i o n e r  where th e  oxygen 
and carbon  d io x id e  were s e p a ra te d  from  th e  rem a in d e r o f  th e  sam ple . Gas 
flow  was m a in ta in e d  a t  f o r t y  m i l l i l i t e r s  p e r  m inute by u se  o f  a  r e g u la to r  
and f r e q u e n t  r e f e re n c e  t o  a  bubb le  to w er flow  r a t e  i n d i c a t o r .
R e fe ren c e  t a n k s . Two ta n k s  f i l l e d  w ith  a  m ix tu re  o f  carbon  
d io x id e  and oxygen were u sed  a s  r e f e re n c e  g a se s  th ro u g h o u t th e  s tu d y .
Tank #1 c o n ta in e d  15o207 p e rc e n t  oxygen and 4 .963  p e rc e n t  carbon  d io x id e , 
w h ile  ta n k  #2 was f i l l e d  w ith  a  m ix tu re  o f  18 .454  p e rc e n t  oxygen and 
2 .3 6 7  ca rbon  d io x id e . By p l o t t i n g  a  r e f e re n c e  g as  g raph  each  day, th e  
p e rc e n ta g e  co m p o sitio n  o f  oxygen and carbon  d io x id e  i n  th e  e x p ire d  gas 
sam ples c o u ld  be i n t e r p r e t e d  from  th e  p eak s on th e  r e c o rd e r  g raph  p a p e r .
Sample b a g . A two l i t e r  ru b b e r  sam ple bag was u se d  to  e x t r a c t  
and  h o ld  a  sam ple o f  a i r  from  th e  r e f e re n c e  ta n k s  p r i o r  to  in tro d u c in g  
i t  i n t o  th e  p a r t i t i o n e r .
S ch o lan d e r gas a n a ly z e r . A S ch o lan d e r m icrom eter g as  a n a ly z e r  
was u sed  t o  d e te rm in e  th e  p e rc e n t  co m p o sitio n  o f  carbon  d io x id e  and  
oxygen i n  th e  r e f e r e n c e  ta n k s .  In  a d d i t io n  to  c a l i b r a t i n g  th e  F is h e r  
g a s  p a r t i t i o n e r ,  t h i s  a n a ly z e r  was u sed  to  check  th e  a c c u ra c y  o f  th e  
g a s  p a r t i t i o n e r .
B a ile y  b o t t l e . A b l - t u b u l a r  g la s s  b o t t l e  w ith  a  m ercury
24
b a la n c e  a llo w e d  th e  i n v e s t i g a t o r  t o  e x t r a c t  a i r  from  th e  r e f e r e n c e  ta n k s  
and D ouglas hags f o r  a n a ly s i s  i n  th e  S c h o lan d e r g a s  a n a ly z e r □
G asom eter. A C o l l in s  600 l i t e r  ch a in -co m p en sa ted  wet 
gaso m ete r m easured th e  volume and  te m p e ra tu re  o f  th e  e x p ire d  a i r .
B aro m ete r-th e rm o m ete r. A com b in a tio n  m ercury b a ro m e te r-  
therm om eter m easured th e  b a ro m e tr ic  p r e s s u re  ( m i l l i l i t e r s  o f  m ercury) 
and th e  room te m p e ra tu re  (d e g re e s  c e n t ig ra d e )  i n  th e  la b o r a to r y .
S c a le . Each s u b je c t  was w eighed on a  Medico Equipm ent 
b a la n c e  s c a le  p r i o r  t o  each  t e s t i n g  p e r io d .  The w eigh t i n  pounds was 
c o n v e rte d  t o  k ilo g ra m s by d iv id in g  th e  w eigh t (pounds) by 2 .2 ,
' MAXIMUM OXYGEN INTAKE TESTING
P i l o t  S tudy
P r i o r  t o  th e  a c tu a l  maximum oxygen in ta k e  t e s t i n g  sc h e d u le , th e  
s u b je c ts  were f a m i l i a r iz e d  w ith  th e  p ro c e d u re s  and equipm ent u se d  i n  
th e  s tu d y . I t  was e s s e n t i a l  t h a t  each  p a r t i c i p a n t  l e a r n  th e  b ic y c le  
p e d a l  r a t e  ( s i x t y  r e v o lu t io n s  p e r  m inu te) and  a d ju s t  t o  th e  b re a th in g  
a p p a ra tu s  (C o l l in s  T r ip le  " J"  v a lv e  and n o s e p ie c e ) .  The p i l o t  s tu d y  
was co n d u cted  o v e r a  p e r io d  o f  two w eeks. Upon co m p le tio n  o f  th e s e  
p r e l im in a ry  s e s s io n s ,  th e  v o lu n te e r s  were a s s ig n e d  t e s t i n g  t im e s .
Maximum Oxygen In ta k e  T e s t
S u b je c ts  r e p o r te d  t o  th e  la b o r a to r y  d re s s e d  i n  gym s h o r t s ,  so c k s , 
sn e a k e rs  ( o r  ru n n in g  s h o e s ) , and a  c o t to n  T s h i r t .  The women wore swim­
s u i t  to p s  f o r  e a se  o f  e le c t ro d e  p lac em en t. A l l  s u b je c ts  were r e q u e s te d  
to  r e f r a i n  from  e a t in g  o r  d r in k in g  f o r  th e  two h o u rs  p r i o r  to  t e s t i n g .  
S tre n u o u s  e x e r c is e  was a v o id ed  th e  day p re c e d in g  each  s e s s io n ,  and  a l l
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p a r t i c i p a n t s  rem ained  r e l a t i v e l y  i n a c t iv e  th e  m orning o f  th e  t e s t i n g  
p e r io d .  The la b o r a to r y  te m p e ra tu re  ran g e d  from  n in e te e n  to  tw en ty -one  
d e g re e s  c e n t ig ra d e  th ro u g h o u t th e  i n v e s t i g a t i o n .
Upon e n te r in g  th e  l a b o r a to r y ,  th e  s u b je c t  removed h i s  o r  h e r  
fo o tw e a r  and  was w eighed to  th e  n e a r e s t  h a lf -p o u n d . The s u b je c t  s a t  on 
th e  b ic y c le  e rg o m e te r and  th e  s e a t  h e ig h t  was a d ju s te d  so t h a t  th e  knee 
was o n ly  s l i g h t l y  f le x e d  on th e  low er le g  sw ing. The v o lu n te e r  removed 
h i s  s h i r t  so  t h a t  th e  i n v e s t i g a t o r  c o u ld  p la c e  m olesk in  a d h e s iv e  e le c ­
t r o d e s  on th e  l e f t  and  r i g h t  f i f t h  r i b s  j u s t  l a t e r a l  t o  and  below  each  
n ip p le .  The fe m a le s , a t t i r e d  i n  b a th in g  s u i t  to p s ,  had  e le c t r o d e s  
p la c e d  on th e  l e f t  l a t e r a l  f i f t h  r i b  and  th e  s te rnum . E x e rc is e  h e a r t  
r a t e s  were o b se rv ed  w ith  a  T e k tro n ix , Model 410 p h y s io lo g ic a l  m o n ito r. 
F ig u re s  4  and  5 i l l u s t r a t e  th e  p h y s io lo g ic a l  m o n ito r w ith  th e  p ro p e r  
e le c t r o d e  p lacem en t f o r  m ales and fe m a le s .
The maximal oxygen i n t a k e , t e s t  a d m in is te re d  was s im i l a r  t o  t h a t  
o f  M cArdle, K atch  and  P e c h a r  (2?)« K eeping cadence w ith  th e  a id  o f  a  
metronome, th e  s u b je c t  p e d a l le d  a t  s i x t y  r e v o lu t io n s  p e r  m in u te ,
Hermansen e t  a l ,  ( l 6 ) fo und  t h i s  p e d a l  r a t e  t o  e l i c i t  h ig h e r  maximum 
oxygen in ta k e  v a lu e s  when compared t o  f i f t y ,  s e v e n ty  and  e ig h ty  r e v o lu ­
t i o n s  p e r  m inu te .
The c y c l i s t  began p e d a l l in g  a t  s i x t y  r e v o lu t io n s  p e r  m inu te  w ith  
no b e l t  t e n s io n  on th e  b ic y c le  f ly w h e e l. The nose was clam ped w ith  a  
w ired-foam  ru b b e r  n o se p ie c e  and th e  s u b je c t  b re a th e d  in to  a  C o l l in s  
T r ip le  " J"  b r e a th in g  v a lv e  and f l e x i b l e  ru b b e r  m ou thp iece . The b re a th in g  
v a lv e  a llo w e d  th e  s u b je c t  t o  ta k e  i n  a tm o sp h e ric  a i r  and  e x p ire  r e s p i r a t o r y  
a i r  i n to  a  D ouglas b ag . The flow  o f  a i r  i n t o  th e  D ouglas bag  was re g u ­
l a t e d  by a  H ans-Rudolph fou r-w ay  v a lv e .  The work r a t e  was in c r e a s e d
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F ig u re  4 : E le c tro d e  p lacem en t on fem ale
F ig u re  5* E le c tro d e  p lacem en t on maie
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180 k llo p o n d  m e te rs  p e r  m inute e v e ry  two m in u tes  u n t i l  th e  p u ls e  r a t e  
re a c h e d  140 to  I 50 h e a ts  p e r  m in u te . The w orkload  (k ilo p o n d  m e te rs  
p e r  m inu te) was dependen t upon th e  amount o f  h e l t  t e n s io n  on th e  e rg o m e te r 
w heel, and  was r e g u la te d  by a d ju s t in g  th e  knob i n  f r o n t  o f  th e  h a n d le ­
b a r s ,  A one m inute sam ple o f  e x p ire d  a i r  was d iv e r te d  i n to  D ouglas a i r  
bag number one a t  th e  w orkload  a t  which th e  140 p u ls e  r a t e  was e l i c i t e d ,  
A s tra n d  e t  a l ,  (3 ) r e p o r te d  t h a t  th e  oxygen up tak e  a t  a  g iven  w orkload 
le v e le d  o f f  a f t e r  tw o -a n d -o n e -h a lf  m in u tes  o f  e x e r c is e .  The one m inute 
g as c o l l e c t io n  was made a f t e r  tw o -a n d -o n e -h a lf  m inu tes a t  t h a t  p a r t i c u l a r  
work r a t e .  The h e a r t  r a t e  and  th e  p r e c is e  lo a d  a t  which th e  gas was 
c o l l e c te d  were re c o rd e d . T h e re a f te r ,  th e  b ic y c le  b e l t  te n s io n  was con­
t i n u a l l y  in c re a s e d  180 k ilo p o n d  m e te rs  p e r  m inute  e v e ry  two m inu tes u n t i l  
th e  h e a r t  r a t e  was m o n ito red  a t  180 b e a ts  p e r  m inu te , A one m inute sam ple 
was ch an n e led  in to  D ouglas bag number two a t  th e  180 p u ls e  r a t e  lo a d , and 
th e  h e a r t  and work r a t e s  were re c o rd e d . The e rg o m ete r p e d a l r e s i s t a n c e  
was d e c re a se d  and th e  e x e rc is e  was te rm in a te d . The s u b je c t  was i n s t r u c t e d  
to  r e tu r n  to  th e  la b o ra to ry  i n  th r e e  d ay s .
The w eighing , e le c t ro d e  p lacem en t and  b ic y c le  s e a t  a d ju s tm e n t 
p ro c e d u re s  d u rin g  th e  second s e s s io n  were i d e n t i c a l  to  th o se  o f  th e  
p re v io u s  t e s t i n g .  The w ork loads were in c re a s e d  in  180 k ilo p o n d  m ete r 
in c re m e n ts  e v e ry  two m in u te s . One m inute e x p ire d  a i r  sam ples were c o l ­
l e c te d  a f t e r  tw o -a n d -o n e -h a lf  m inu tes o f  work a t  each lo a d  beyond th e  
h ig h e s t  l e v e l  a t t a i n e d  on th e  f i r s t  day. The work in c re m e n ts  were con­
t i n u a l l y  in c re a s e d  u n t i l  th e  oxygen up tak e  l e v e l l e d  o f f  o r  th e  s u b je c t  
was no lo n g e r  a b le  to  c o n tin u e  e x e r c is in g  a t  th e  p r e s c r ib e d  w orkload 
and p e d a l  r a t e  f re q u e n c y . The c r i t e r i o n  f o r  th e  l e v e l l i n g  o f f  o f  oxygen 
consum ption was an in c r e a s e  o f  l e s s  th a n  100 m i l l i l i t e r s .  S tro n g  v e rb a l
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encouragem ent was g iv e n  to  th e  p e rfo rm e r to  prom ote th e  h ig h e s t  work 
o u tp u t p o s s ib le .  I f  th e  maximum oxygen in ta k e  was n o t  d e te rm in ed  a t  
t h i s  s e s s io n ,  th e  v o lu n te e r  r e p o r te d  t o  th e  la b o r a to r y  th r e e  days l a t e r  
f o r  r e t e s t i n g .  The p ro c e d u re s  were s im i l a r  t o  th e  second  t e s t  p e r io d .
Gas A n a ly ze r C a l ib r a t io n  P ro c e d u re s
E x p ire d  a i r  was a n a ly z e d  f o r  th e  p e rc e n ta g e  o f  oxygen and  carbon  
d io x id e  w ith  a  F ish e r-H a m ilto n  g as  p a r t i t i o n e r .  The p a r t i t i o n e r  was 
c a l i b r a t e d  b e fo re  and d u rin g  each  e x p e r im e n ta l s e s s io n  by a n a ly z in g  th e  
two r e fe re n c e  g a se s  i n  each  o f  th e  com m erc ia lly  p re p a re d  ta n k s .  The 
r e f e r e n c e  g as  m ix tu re s  were v e r i f i e d  w ith  a  S ch o lan d er m ic rom eter gas 
a n a ly z e r .  Each ta n k  m ix tu re  was drawn i n t o  th e  p a r t i t i o n e r  where th e  
oxygen and  carbon  d io x id e  were a n a ly z e d  and th e  c o rre sp o n d in g  c h a r t  u n i t  
v a lu e s  were r e g i s t e r e d  on th e  r e c o r d e r  g raph  p a p e r . A co n v e rs io n  l i n e  
was c o n s tru c te d  f o r  each  o f  th e  r e f e re n c e  g a se s  d u r in g  each  s e s s io n  by 
p l o t t i n g  th e  c h a r t  u n i t  v a lu e s  a g a in s t  th e  known p e rc e n ta g e  o f  carbon  
d io x id e  and oxygen i n  th e  ta n k s .  T h is  l i n e  was l a t e r  u se d  t o  c o n v e r t  
th e  c h a r t  v a lu e s  o f  th e  g a se s  i n  th e  e x p ire d  a i r  sam ple t o  p e rc e n t  
c o m p o s itio n .
Gas A n a ly s is
A 115 v o l t  vacuum pump, co n n ec ted  to  th e  o u t l e t  p o r t  o f  th e  
system , p u l le d  one l i t e r  sam ples o f  a i r  from  a  200 l i t e r  D ouglas bag 
and i n t o  a  F ish e r-H a m ilto n  g as  p a r t i t i o n e r .  The pump was d isc o n n e c te d  
a f t e r  sam ple in t r o d u c t io n ,  th e  sam pling  knob was p re s s e d , and  a  flow  o f  
he lium  g as sw ept th e  e x p ire d  a i r  i n t o  two ch ro m ato g rap h ic  colum ns where 
th e  component g a se s  were s e p a ra te d  and e lu te d  from  th e  system  a t  d i f f e r e n t  
t im e s . A h e a te d  f i la m e n t ,  s e n s in g  th e  th e rm a l c o n d u c t iv i ty  o f  each o f
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th e  component g a s e s ,  r e la y e d  an  e l e c t r i c a l  im p u lse  t o  th e  r e c o r d e r .  
C hrom atographic  p e a k s , c o rre sp o n d in g  t o  th e  amount o f  oxygen and  carb o n  
d io x id e  i n  th e  sam ple , were r e g i s t e r e d  on th e  r e c o r d e r  g raph  p a p e r .  Dup­
l i c a t e  sam ples were in tro d u c e d  i n to  th e  system  t o  in s u r e  c o n s is te n c y  i n  
g as a n a ly s i s .
The rem a in d e r o f  th e  e x p ire d  a i r  i n  th e  D ouglas bag was d iv e r t e d  
i n to  a  600 l i t e r ,  C o l l in s  ch a in -co m p en sa ted  w et g a so m ete r. T h is  i n s t r u ­
ment m easured  th e  volume and  te m p e ra tu re  o f  th e  g a s e s .  P r i o r  t o  i n t r o ­
d ucing  th e  e x p ire d  a i r  i n to  th e  g aso m ete r, th e  p r e - t e s t  s c a le  r e a d in g  
was re c o rd e d  on th e  d a ta  s h e e t .  T ab le  VI i n  th e  Appendix i l l u s t r a t e s  a  
sam ple d a ta  fo rm . The p o s t - t e s t  s c a le  r e a d in g  was re c o rd e d  a f t e r  th e  
D ouglas bag sam ple was em ptied  i n t o  th e  g aso m ete r. The gas te m p e ra tu re  
was re a d  from  th e  therm om eter on th e  m e ta l c y l in d e r .
C a lc u la t in g  th e  C o rre c te d  Volume
The volume o f  th e  r e ^ i r a t o r y  a i r  was computed by s u b t r a c t in g  
th e  p r e - t e s t  from  th e  p o s t - t e s t  v a lu e , m u lt ip ly in g  t h i s  d i f f e r e n c e  by 
th e  g aso m eter f a c t o r  (5-158  cm p e r  l i t e r ) ,  and  add ing  th e  volume o f  
sam ple a i r  pumped i n t o  th e  p a r t i t i o n e r  t o  t h i s  p ro d u c t .
C o rre c te d  Volume -  P o s t  -  P re  = D if fe re n c e  X G asom eter F a c to r  + 
A nalyzed Volume
Computing th e  V e n t i l a t io n  R ate
The STPD c o n v e rs io n  f a c t o r ,  d e r iv e d  from  th e  b a ro m e tr ic  p r e s s u re  
(m il l im e te r s  o f  m ercury) and  gas te m p e ra tu re  (d e g re e s  c e n t ig r a d e ) ,  was 
m u l t ip l ie d  by th e  e x p ire d  a i r  volume t o  d e te rm in e  th e  v e n t i l a t i o n  r a t e .  
The v e n t i l a t i o n  r a t e  was e x p re sse d  i n  l i t e r s  p e r  m inu te  by d iv id in g  th e
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c o r r e c te d  volume t y  th e  number o f  m in u tes  i n  th e  c o l l e c t i o n  p e r io d  (o n e ) . 
D a r l i n g 's  nomogram (6 ) was u se d  t o  d e te rm in e  th e  c o r r e c t io n  f a c t o r  from  
th e  b a ro m e tr ic  p r e s s u r e  and  gas te m p e ra tu re .
C onversion  F a c to r  X C o rre c te d  Volume = V e n t i l a t io n  R a te
C a lc u la t in g  th e  Oxygen In ta k e
The c a l i b r a t i o n  l i n e s  (ca rb o n  d io x id e , oxygen) were c o n s t ru c te d  
from  th e  r e f e r e n c e  ta n k  gas m ix tu re  a n a ly s i s .  D u p lic a te  sam ples o f  
e x p ire d  a i r  were drawn i n to  th e  g as  p a r t i t i o n e r ,  and  th e  carbon  d io x id e  
and oxygen c h a r t  u n i t  v a lu e s  were re c o rd e d  on graph  p a p e r  a s  peak  h e ig h ts ,  
By a p p ly in g  th e  c h a r t  v a lu e s  t o  th e  c a l i b r a t i o n  l i n e s ,  th e  p e rc e n ta g e s  
o f  oxygen and carbon  d io x id e  i n  th e  a i r  were d e te rm in e d . B ecause th e  
p a r t i t i o n e r  r e g i s t e r e d  th e  a rgon  and  oxygen i n  th e  sam ple a s  one peak  
on th e  r e c o rd e r  g raph  p a p e r , i t  was n e c e s s a ry  to  s u b t r a c t  .9  p e rc e n t  
a rgon  (3^ ) t o  compute th e  a c tu a l  p e rc e n ta g e  o f  oxygen.
P e rc e n t Oxygen = U n c o rre c te d  Oxygen P e rc e n t  -  •9  P e rc e n t  Argon
The p e rc e n ta g e  co m p o sitio n  o f  carbon  d io x id e  and  oxygen was 
a p p l ie d  t o  a  nomogram and t r u e  oxygen. The oxygen in ta k e  ( l i t e r s  p e r  
m inu te ) was c a lc u la te d  by m u lt ip ly in g  th e  v e n t i l a t i o n  r a t e  by th e  t r u e  
oxygen. The oxygen in ta k e  was e x p re sse d  a s  m i l l i l i t e r s  o f  oxygen con­
sumed p e r  k ilo g ram  o f  body w eig h t by d iv id in g  th e  oxygen in ta k e  ( l i t e r s  
p e r  m inu te) by th e  s u b j e c t 's  w e igh t i n  k ilo g ra m s .
Oxygen I n ta k e  ( l i t e r s /m i n u t e )  = V e n t i l a t io n  R a te  X True Oxygen
and
Oxygen In ta k e  (m l/kg /m in ) = Oxygen In ta k e  ( l i t e r s /m i n u t e )
Body W eight (k ilo g ra m s)
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SUBMAXIMAL ENDURANCE TEST
E ig h t t o  t e n  days a f t e r  th e  maximum oxygen in ta k e  t e s t i n g  was 
com pleted , th e  s u b je c t s  r e p o r te d  t o  th e  la b o r a to r y  f o r  a  submaximal 
endurance  t e s t  on a  b ic y c le  e rg o m e te r. Food and w a te r  consum ption was 
a v o id e d  th r e e  h o u rs  p r i o r  t o  t e s t i n g .  High c a rb o h y d ra te  d i e t s  were 
a v o id e d  d u rin g  th e  f o u r  days p re c e d in g  th e  t e s t  p e r io d  t o  m inim ize th e  
p o s s ib le  e f f e c t s  o f  g lycogen  su p e rco m p en sa tio n . Each p a r t i c i p a n t  had  
s u f f i c i e n t  s le e p  and  r e s t  on th e  two n ig h ts  b e fo re  th e  p e rfo rm an ce .
None o f  th e  v o lu n te e r s  were e x p e r ie n c in g  h e a l th  p rob lem s, a i lm e n ts ,  
g e n e ra l  f a t ig u e  o r  m e n s tru a l d is c o m fo r ts . Each p a r t i c i p a n t  was i n s t r u c t e d  
to  r e f r a i n  from  v ig o ro u s  p h y s ic a l  a c t i v i t y  d u r in g  th e  f o r t y - e i g h t  h o u rs  
p re c e d in g  th e  subm axim al endurance  p e rfo rm an ce .
Upon e n te r in g  th e  l a b o r a to r y ,  th e  s u b je c t  was .w eighed, th e  room 
te m p e ra tu re  was re c o rd e d  and th e  b ic y c le  s e a t  was a d ju s te d  to  th e  c o r r e c t  
h e ig h t .  The te m p e ra tu re  ran g e  was s im i la r  t o  t h a t  o f  th e  maximum oxygen 
in ta k e  s e s s io n s  (n in e te e n  to  tw en ty -o n e  d e g re e s  c e n t ig r a d e ) .  The p a r t i ­
c ip a n t  was i n s t r u c t e d  t o  s i t  q u i e t l y  f o r  t e n  m in u te s .
S e v e ra l p o in t s  were c o n s id e re d  b e fo re  d e te rm in in g  th e  w ork loads 
a t  which th e  subm axim al t e s t s  were co n d u cted , K atch (21) found  t h a t  
maximal oxygen in ta k e  d id  n o t p r e d i c t  b ic y c le  endurance  perfo rm ance  u n le s s  
th e  e x e r c is e  was c o n tin u e d  f o r  a t  l e a s t  e ig h t  m in u te s , b u t th e  p r e d ic t io n  
v a l i d i t y  in c r e a s e d  o n ly  s l i g h t l y  f o r  work beyond tw e lv e  m in u te s . S a l t i n  
(3 2 ) r e p o r te d  t h a t  a  work i n t e n s i t y  r e q u i r in g  n in e ty - f iv e  p e rc e n t  o f  th e  
maximum oxygen in ta k e  c a p a c i ty  c o u ld  be s u s ta in e d  f o r  f i f t e e n  t o  t h i r t y  
m in u te s , A m ara th o n e r can ru n  a t  e ig h ty - f iv e  p e rc e n t  o f  h i s  c a p a c i ty ,  
w h ile  n in e ty  p e rc e n t  o f  th e  maximum oxygen in ta k e  can be m a in ta in e d  f o r
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one h o u r  (3 2 ) . A s tra n d  (3 ) n o te d  t h a t  work i n t e n s i t i e s  demanding 100 
and  n in e ty - f iv e  p e rc e n t  o f  th e  t o t a l  a e ro b ic  c a p a c i ty  c o u ld  be en d u red  
f o r  t e n  and  t h i r t y  m in u te s  r e s p e c t iv e ly .  The same a u th o r  r e p o r te d  t h a t  
e ig h ty - f iv e  p e rc e n t  c o u ld  be c o n tin u e d  f o r  s i x t y  m in u te s , w h ile  th e  
e ig h ty  p e rc e n t  l e v e l  c o u ld  be en du red  f o r  120 m in u te s . A w orkload  
demanding n in e ty - f iv e  p e rc e n t  o f  th e  maximum oxygen in ta k e  was s e l e c te d  
f o r  t h i s  i n v e s t i g a t i o n .  The l i t e r a t u r e  s u g g e s ts  t h a t  t h i s  p e rc e n ta g e  
sh o u ld  a llo w  a l l  p e rfo rm e rs  to  e x e r c is e  a t  l e a s t  e ig h t  m in u te s .
T h is  s tu d y  compared th e  a b i l i t y  o f  t r a i n e d  men, u n t r a in e d  men, 
t r a i n e d  women and  u n t r a in e d  women to  b ic y c le  a t  n in e ty - f iv e  p e rc e n t  o f  
th e  maximum oxygen in ta k e  c a p a c i ty .  S p e c i f i c a l ly ,  each  s u b je c t  p e d a l le d  
a t  r e l a t i v e  work i n t e n s i t i e s  dependen t upon each  i n d i v i d u a l 's  m easured 
a e ro b ic  c a p a c i ty .
I n  o rd e r  t o  d e te rm in e  th e  n in e ty - f iv e  p e rc e n t  w ork load , a  g raph  
was c o n s tru c te d  w ith  th e  oxygen consum ption ( m i l l i l i t e r s  p e r  k ilo g ram  o f 
body w e ig h t)  a lo n g  th e  o rd in a te  a x is ,  and  th e  w orkload  (k ilo p o n d  m e te rs  
p e r  m inu te) on th e  a b s c i s s a ,  A g raph  was drawn f o r  each  s u b je c t .  The 
graph  u se d  f o r  s u b je c t  D .J , i s  i l l u s t r a t e d  i n  F ig u re  6 . The w ork loads 
and th e  oxygen in ta k e  m easurem ents from  th e  p re v io u s  t e s t i n g  s e s s io n s  
were p l o t t e d  and a  s t r a i g h t  l i n e  was drawn from  th e  140 p u ls e  r a t e  oxygen 
consum ption v a lu e  t o  th e  maximum oxygen in ta k e  p o in t .  I t  i s  a c c e p te d  
t h a t  th e r e  i s  a  l i n e a r  r e l a t i o n s h i p  betw een work i n t e n s i t y  and oxygen 
consum pti on (3 3 )•
N in e ty - f iv e  p e rc e n t  o f  th e  maximum oxygen in ta k e  was c a lc u la te d  
f o r  each  o f  th e  s u b je c t s .  The com pu ta tion  f o r  s u b je c t  D .J , i s  shown 
below :
•2 ^  X 52 .73  = 5 0 .1 0  m l/kg /m in
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F ig u re  6 : R e la t io n s h ip  o f  oxygen consum ption  and  w orkload  f o r
s u b je c t  D .J . ;  d e te rm in in g  th e  n in e ty - f iv e  p e rc e n t  
w ork load .
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A h o r i z o n ta l  l i n e  was ex ten d ed  from  t h i s  v a lu e  on th e  o rd in a te  a x is  to  
th e  c o n s t ru c te d  w ork load-oxygen  in ta k e  l i n e .  A p e rp e n d ic u la r  l i n e  was 
drawn t o  th e  a b s c i s s a  from  th e  i n t e r s e c t i o n  o f  th e  h o r iz o n ta l  and  g raph  
l i n e s .  The w ork load  v a lu e  t h a t  th e  p e rp e n d ic u la r  l i n e  i n t e r s e c t e d  on 
th e  a b s c i s s a  was th e  w orkload  a t  which th e  p e rfo rm e r  b ic y c le d  f o r  th e  
n in e ty - f iv e  p e rc e n t  v a lu e . I d e n t i c a l  p ro c e d u re s  were u se d  to  d e te rm in e  
th e  b e l t  t e n s io n  lo a d s  c o rre sp o n d in g  to  tw e n ty - f iv e ,  f i f t y  and s e v e n ty -  
f iv e  p e rc e n t  o f  th e  maximum oxygen in ta k e .  The th r e e  l a t t e r  subm axim al 
lo a d s  were u se d  a s  a  warm-up p r i o r  to  e x e r c is in g  a t  th e  n in e ty - f iv e  
p e rc e n t  w ork load . The a p p ro p r ia te  co m p u ta tio n s f o r  s u b je c t  D .J . a re  
i l l u s t r a t e d  below :
^  X 52 .73  = 13 .18  m l/kg /m in
^  X 52 .73  = 2 6 .3 7  m l/kg /m in
X  52 .73  = 39 -55  m l/kg /m in
The b ic y c le  p e d a l  r a t e  ( s i x t y  r e v o lu t io n s  p e r  m inu te) was i d e n t i ­
c a l  t o  th e  r a t e  u sed  d u rin g  th e  maximum oxygen in ta k e  t e s t i n g .  A pendu­
lum metronome e s t a b l i s h e d  th e  s i x t y  r e v o lu t io n s  p e r  m inute  cadence n e c e s ­
s a ry  f o r  th e  t e s t .
K atch (21 ) r e p o r te d  t h a t  male c o l le g e  s tu d e n ts  e x p e r ie n c e d  con­
s id e r a b le  le g  p a in  when t e s t e d  f o r  tw e lv e  m in u te s  a t  I 656 kgm m inu te  on 
a  b ic y c le  e rg o m e te r . D uring  th e  p i l o t  s tu d y  p o r t io n  o f  t h i s  i n v e s t i g a t i o n ,  
i t  was o b se rv ed  t h a t  th e  s u b je c t s  e x p e r ie n c e d  a c u te  le g  cram ps when th e  
work i n t e n s i t y  was in c r e a s e d  i n  la rg e  in c re m e n ts . D uring  th e  a c t u a l
t e s t i n g ,  i t  was n e c e s s a ry  to  in c r e a s e  th e  e rg o m e te r p e d a l  r e s i s t a n c e
i n  s m a lle r  in c re m e n ts  b e fo re  c y c l in g  a t  th e  n in e ty - f iv e  p e rc e n t  l e v e l .
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The s u b je c t  p e d a l le d  f o r  two m in u tes  w ith  no b e l t  t e n s io n  and th e n  p ro ­
g re s s e d  t o  o n e -a n d -o n e -h a lf  m in u tes  a t  w ork loads r e p r e s e n t in g  tw e n ty -  
f i v e ,  f i f t y  and  s e v e n ty - f iv e  p e rc e n t  o f  th e  maximum oxygen i n t a k e .
T ab le  I I  p r e s e n ts  th e  submaximal and maximal w o rk lo ad s . Upon com ple tion  
o f  th e  c o n tin u o u s  e x e r c is e  a t  th e s e  f o u r  lo a d s , th e  b ic y c le  p e d a l  r e s i s ­
ta n c e  was im m ed ia te ly  in c r e a s e d  to  th e  n in e ty - f iv e  p e rc e n t  l e v e l .  The 
s u b je c t  p e d a l le d  a t  t h i s  w ork load  f o r  a s  lo n g  a s  he c o u ld  m a in ta in  th e
s i x t y  r e v o lu t io n s  p e r  m inute p e d a l r a t e .  I f  th e  r a t e  slow ed, th e  in v e s ­
t i g a t o r  o f f e r e d  s t ro n g  v e rb a l  encouragem ent f o r  maximum e f f o r t . The 
e x e rc is e  was te rm in a te d  when th e  s u b je c t  c o u ld  no lo n g e r  m a in ta in  th e  
s i x t y  r e v o lu t io n s  p e r  m inute freq u e n cy  a t  th e  n in e ty - f iv e  p e rc e n t  work­
lo a d . The tim e s  f o r  th e  n in e ty - f iv e  p e rc e n t  and  o th e r  submaximal lo a d s
were re c o rd e d  to  th e  n e a r e s t  second .
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TABLE I I
WORKLOADS CORRESPONDING TO TWENTY-FIVE, FIFTY, SEVENTY-FIVE AND 
NINETY-FIVE PERCENT OF EACH INDIVIDUAL'S MAXIMUM OXYGEN INTAKE
S u b je c t 25^  w ork load  w ork load  75^ w ork load  95^ w ork load  100^ w ork load
_______________(kpm)_________ (kpm)___________ (kpm)__________ (KPM)____________(kpm)
TRAINED MEN
I . e .  365  785 1200 1530 1620
S .C . 450  810 1165 1450 1530
D .E. 535 1020 1602 1884 1980
R .R . 325 910 1480 1940 2070
TRAINED WOMEN
K.M. 215  515 815 1050 1116
B.M. 135 450  765 1010 1080
M.H. ----- 110 540 900 990
A.B. 40 590  1100 1510 1620
UNTRAINED MEN
J .H . 270  595 930 1192 1260
D .J . 465 860  1255 1580 1710
j .A .  100 540 994 1347 1440
UNTRAINED WOMEN
K.M. 520 690 890 1015 1080
T .R . 240 510 775 985 1035
S.M. ----- 140 615 945 1035
CHAPTER i n  
RESULTS. DISCUSSION AND SUGGESTIONS 
RESULTS AND DISCUSSION OF THE MAXIMUM OXYGEN INTAKE TESTING
T ab le  I I I  I l l u s t r a t e s  th e  maximum oxygen in ta k e  m easurem ents 
f o r  each  o f  th e  f o u r te e n  s u b je c t s .  The v a lu e s  a re  e x p re sse d  i n  l i t e r s  
o f  oxygen p e r  m in u te , and  m i l l i l i t e r s  p e r  k ilo g ram  o f  body w eigh t p e r  
m in u te . The v e n t i l a t i o n  r a t e ,  maximal h e a r t  r a t e  and  th e  w ork load  a t  
which each  maximum oxygen in ta k e  was e l i c i t e d  i s  in d ic a te d  i n  th e  same 
t a b l e .  Oxygen in ta k e  d a ta  f o r  th e  140 p u ls e  r a t e  -  submaxi mal w ork loads 
a re  p r e s e n te d  i n  T ab le  V i n  th e  A ppendix.
The maximum oxygen in ta k e  c a p a c i t i e s  f o r  th e  t r a i n e d  men ran g ed  
from ,$6.48 t o  69*12 (m l/k g /m in ), and  a v e rag e d  6 4 .2 ? . I n  1968, S tag g  (36 ) 
t e s t e d  s ix  U n iv e r s i ty  o f  Montana v a r s i t y  d is ta n c e  and  m id d le -d is ta n c e  
t r a c k  a t h l e t e s  and  found  th e  maximum oxygen in ta k e  t o  range  from  49*42 
t o  6 4 .0 9  m l/k g /m in . The a v e rag e  was 59*5* The trackm en i n  th e  p r e s e n t  
i n v e s t i g a t io n  have a  b e t t e r  c a p a c i ty  f o r  ta k in g  i n ,  t r a n s p o r t in g  and  
u t i l i z i n g  oxygen on th e  b ic y c le  e rg o m e te r . C o s t i l l  e t  a l ,  ( 7 ) found  
maximum oxygen in ta k e  i n  s ix  n a t io n a l ly  ran k ed  Am erican m ara th o n e rs  to  
a v erag e  ? 1 ,4  m l/kg /m in  on a  c o n tin u o u s  t r e a d m i l l  t e s t .  A lthough th e  
h ig h e r  v a lu e s  i n  C o s t i l l* s  s tu d y  can be p a r t i a l l y  e x p la in e d  by th e  
in s tru m e n ts  u se d  i n  th e  i n v e s t i g a t io n  ( t r e a d m i l l  i n s t e a d  o f  a  b y c y c le ) ,  
th e  su c c e ss  o f  th e s e  m ara th o n e rs  i n  n a t io n a l  c o m p e tit io n s  s u g g e s ts  t h a t  
th e  maximum oxygen in ta k e  d i f f e r e n c e s  can a l s o  be a t t r i b u t e d  to  t h e i r
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TABLE I I I
MAXIMUM OXYGEN INTAKE MEASUREMENTS
S ub jec t V e n tila t io n  r a te Maximum oxygen in ta k e  Maximum oxygen in ta k e Maximum oxygen in ta k e Maxlmuj
( l l te r s /m in u te ) ( l i t e r s /m in u te ) (m l/kg/m in) workload (kpm) h e a r t  :
TRAINED MEN
S.C. 120.91 3.81 68.69 1530 176
D.E. 129.85 4.61 62.79 1980 192
R.R. 115.79 4.71 69.12 2070 190
I .O . 140.62 3.86 56.48 1620 185+
x=126.79 x=4,25 x=64.27 x=1800 x=185.75
TRAINED WOMEN
A.B. 85.18 3.18 46.21 1620 195+
K.M. 84.79 2.52 54.18 1116 197
M.H. 72.48 2.06 39.05 990 190
B.M. 70.80 2 .24 40.64 1080 200
x= 78.31 x=2.50 x=45.02 x=1201,5 x=195.5
UNTRAINED MEN
J.H . 102.49 2 .49 40 1260 200
D .J . 126.08 3 .76 52.73 1710 200
J.A . 98.31 3.23 49.42 1440 190
x=108.96 x = 3 . 1 6 x=47.38 x=l470 x = 1 9 6 . 6 7
UNTRAINED WOMEN
T.R. 85.44 2.48 39.72 1035 190
K.M. 72.41 2.56 33.62 1080 190
S.M. 89.38 2.47 43.77 1035 192
x= 82.41 x=2.50 x=39.04 x=1050 x=190.67
39
s u p e r io r  c a r d io v a s c u la r  f i t n e s s .  T h is  i s  a l s o  c o n s i s t e n t  w ith  W i l t 's  (12) 
p o s tu l a t i o n  t h a t  th e  im p o rtan ce  o f  a e ro b ic  c a p a c i ty  i n  ru n n in g  perfo rm ance  
in c r e a s e s  a s  th e  c o m p e tit iv e  d is ta n c e  i s  o f  lo n g e r  d u ra t io n .  The f o u r  
trackm en  i n  th e  p r e s e n t  s tu d y  com peted i n  e v e n ts  from  one t o  s ix  m ile s .
The re sp o n se  o f  th e  t r a i n e d  women to  th e  maximum oxygen in ta k e  
t e s t i n g  a v e ra g e d  4 5 .0 2  m l/kg /m in , and  ran g e d  from  3 9 .0 5  t o  54 .18  m l/k g /m in . 
D rin k w ate r e t  a l ,  ( i l )  r e p o r te d  t h a t  h ig h ly  t r a i n e d  trackwomen av e rag e d  
5 1 .1 . D o ris  Brown, who dom inated  women's d is ta n c e  ru n n in g  i n  th e  U n ite d  
S ta te s  d u r in g  th e  l a t e  1 9 6 0 's  and  e a r ly  1 9 7 0 's ,  sc o re d  65 on a  b ic y c le  
e rg o m e te r and  67 on a  m otor d r iv e n  t r e a d m i l l  (1 3 ) . McArdle e t  a l ,  (2 7 ) 
concluded  t h a t  le g  fo rc e  c a p a c i ty ,  m uscle b lo o d  flow , m e ta b o lic  c a p a c i ty  
o f  s p e c i f i c  m uscle g ro u p s , and  th e  amount o f  a c t iv e  m uscle mass sh o u ld  
be c o n s id e re d  i n  e x p la in in g  th e  low er b ic y c le  m easurem ents.
A p a r t i a l  e x p la n a t io n  f o r  th e  low er maximum oxygen in ta k e  
m easurem ents among th e  trackwomen i n  th e  p r e s e n t  s tu d y  when compared 
to  o th e r  i n v e s t i g a t i o n s  can be a t t r i b u t e d  t o  th e  e v en t s p e c i a l i z a t io n  
o f  th e  s u b je c t s  t e s t e d .  Two o f  th e  fo u r  fem ale  ru n n e rs  (M.H, and A .B ,) 
com peted i n  s h o r t  m id d le -d is ta n c e  o r  s p r i n t  e v e n ts  (220 to  880 y a rd s ) ,  
and  r a r e l y  r a c e d  i n  e v e n ts  lo n g e r  th a n  one m ile . A ccord ing  t o  W i l t 's  (37) 
t r a i n i n g  em phasis t a b l e s ,  a n a e ro b ic  m etabolism  and  speed  a re  more im por­
t a n t  th a n  a e ro b ic  c a p a c i ty  ( th e  maximal oxygen in ta k e )  in  r a c in g  d is ta n c e s  
o f  220 to  880 y a rd s . A naerob ic  m etabolism  i s  th e  p ro c e s s  t h a t  does n o t 
r e q u i r e  oxygen f o r  th e  p ro d u c tio n  o f  en erg y  i n  m uscu la r work. Trackwomen 
K.M, and  B.M. s p e c ia l i z e d  i n  m iddle  d is ta n c e  e v e n ts .  K .M .'s  c o m p a ra tiv e ly  
h ig h e r  maximum oxygen in ta k e  (54 .18  m l/kg /m in ) i n d ic a t e s  t h a t  she h as a  
more e f f i c i e n t  oxygen t r a n s p o r t in g  system  th a n  th e  o th e r  trackw om en, and 
a  g r e a t e r  c a p a c i ty  t o  e x c e l  i n  ru n n in g  e v e n ts  o f  a  lo n g e r  d u ra t io n .
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The u n t r a in e d  men had  maximum oxygen in ta k e  m easurem ents o f  40 ,
4 9 .4 2  and  52 .73  m l/k g /m in , and  th e  u n t r a in e d  women r e g i s t e r e d  33o62,
3 9 .7 2  and  4 3 o77. The av erag e  f o r  th e s e  g roups were 3 9 .0 4  and 4 3 .7 8  
m l/kg /m in  r e s p e c t iv e ly *  McArdle e t  a l ,  (27) t e s t e d  f i f t e e n  c o l le g e  men 
on a  "b icycle  e rg o m e te r  (tw e lv e  u n tr a in e d  and  th r e e  v a r s i t y  c ro s s -c o u n try  
ru n n e rs )  and  found  th e  maximum oxygen in ta k e  t o  av e rag e  50 m l/k g /m in . 
A lthough  th e  a v e rag e  i n  M cA rd le 's  s tu d y  was s l i g h t l y  h ig h e r  th a n  i n  th e  
p r e s e n t  i n v e s t i g a t i o n ,  th e  v a lu e s  a re  i n  agreem ent because  th e  d a ta  from  
th e  th r e e  v a r s i t y  c ro s s -c o u n try  ru n n e rs  r a i s e d  th e  t o t a l  group a v e ra g e .
The maximal oxygen in ta k e  m easurem ents f o r  th e  u n tr a in e d  women i n  th e  
p r e s e n t  s tu d y  were h ig h e r  th a n  th e  a v e rag e  m easurem ents o f  in a c t iv e  
women fo und  "by o th e r  r e s e a r c h e r s  (3 0 ,2 8 ) . The r e l a t i v e l y  sm a ll sam ple 
s iz e  m ust be c o n s id e re d  a s  a  p o s s ib le  e x p la n a t io n  f o r  th e s e  d i f f e r e n c e s .  
However, one o f  th e  th r e e  u n t r a in e d  women t e s t e d  (K.M, w ith  33*82 m l/kg /m in) 
was s im i l a r  t o  th e  a v e ra g e s  i n  o th e r  s tu d i e s .
O th e r s tu d ie s  (2 3 ,2 8 ,2 4 )  have r e p o r te d  a  wide v a r i a t i o n  i n  max­
imum oxygen in ta k e  among u n t r a in e d  in d iv id u a l s .  R ecen t h is to -c h e m ic a l  
r e s e a r c h  (3 2 ) on s k e l e t a l  m uscle c e l l s  i n d ic a t e s  t h a t  th e  d i f f e r e n c e s  
i n  maximum oxygen in ta k e  and endurance  c a p a b i l i ty  among n o n - a th le te s  
may be due to  th e  n a tu r a l l y  endowed v a r i a b i l i t y  i n  r e l a t i v e  m uscle 
f i b e r  c o m p o s itio n . F a s t  c o n tr a c t in g  low o x id a t iv e  ( f a s t  tw i tc h )  and 
slow  c o n tr a c t in g  h ig h  o x id a t iv e  (slow  tw i tc h )  m uscle f i b e r s  a re  th e  
two ty p e s  o f  m otor u n i t s  found  i n  th e  human. I n d iv id u a ls  w ith  a  p r e ­
dom inate p e rc e n ta g e  o f  slow c o n tr a c t in g  f i b e r s  a re  b e l ie v e d  t o  have a  
g r e a t e r  c a p a c i ty  f o r  endurance  p e rfo rm an ce , w h ile  s u b je c ts  w ith  a  m a jo r i ty  
o f  f a s t  c o n tr a c t in g  f i b e r s  a r e  more a p t  t o  be s u c c e s s f u l  i n  e x p lo s iv e , 
v e ry  in te n s e  e x e r c is e  o f  s h o r t  d u ra t io n .  The re c ru i tm e n t  o f  th e  f a s t
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o r  slow  f i b e r s  depends on th e  i n t e n s i t y  and  d u ra t io n  o f  th e  p e rfo rm an ce . 
F a s t  tw i tc h  f i b e r s  a re  s e l e c t i v e l y  r e c r u i t e d  when th e  e x e r c is e  in v o lv e s  
a  h ig h  r a t e  o f  m u scu la r c o n tr a c t io n ,  and  when a n a e ro b ic  m etabolism  i s  
th e  p red o m in a te  so u rc e  o f  en e rg y . I n  c o n t r a s t ,  th e  slow  tw i tc h  u n i t s  
have a  h ig h  o x id a t iv e  p o t e n t i a l  and  a r e  r e c r u i t e d  f o r  long  d u ra t io n  
e x e r c is e  when a e ro b ic  mechanisms f u r n i s h  th e  b u lk  o f  th e  e n erg y  r e q u i r e ­
m ents. The above r e s e a rc h  in d ic a t e s  t h a t  th e  in d iv id u a ls  w ith  h igh  
maximum oxygen in ta k e  m easurem ents c o rre sp o n d in g ly  have a  h ig h e r  p e r ­
c en tag e  o f  slow  c o n tr a c t in g  f i b e r s .  T ra in in g  can in c re a s e  th e  o x id a t iv e  
p o t e n t i a l  o f  th e  f i b e r s  (1 4 ,3 2 ) .  More w i l l  be s a id  re g a rd in g  th e  im prove­
ment o f  th e  a e ro b ic  p ro c e s s e s  i n  th e  two ty p e s  o f  c o n t r a c t i l e  u n i t s  l a t e r  
i n  t h i s  d i s c u s s io n .
The t r a i n e d  trackm en  had  h ig h e r  maximum oxygen in ta k e  v a lu e s  
th a n  any  o f  th e  u n tr a in e d  s u b je c ts  o f  e i t h e r  se x . These r e s u l t s  su p p o rt 
o th e r  s tu d ie s  t h a t  have found  s u c c e s s fu l  endurance  a t h l e t e s  t o  be s u p e r io r  
t o  u n t r a in e d  s u b je c t s  i n  t h i s  c a p a c i ty  (2 8 ,3 )•  T ra in in g  can enhance th e  
a e ro b ic  c a p a c i ty  by in c r e a s in g  th e  s iz e  o f  th e  slow  tw itc h  f i b e r s ,  and 
p ro d u c in g  h ig h e r  c o n c e n tr a t io n s  o f  o x id a t iv e  enzymes i n  s k e l e t a l  m uscle 
(3 2 , 14) .  O th e r r e s e a r c h e r s  (32) have r e p o r te d  t h a t  u n tr a in e d  men have 
a  l e s s e r  p e rc e n ta g e  o f  slow  c o n tr a c t in g  m uscle f i b e r s  i n  com parison to  
t r a i n e d  endurance  a t h l e t e s .  The n o n - a th le te s  av e rag ed  f o r t y  p e rc e n t  
slow  tw itc h  f i b e r s ,  w h ile  th e  endurance  p e rfo rm e rs  had a  m a jo r i ty  o f  th e  
slow  c o n t r a c t i l e  u n i t s .
A com parison  o f  th e  c o m p e tit iv e  p e rfo rm an ces  o f  th e  t r a i n e d  
g roups i n d i c a t e s  t h a t  th e  trackm en a re  more c ap a b le  o f  ta k in g  i n ,  t r a n s ­
p o r t in g  and  u t i l i z i n g  oxygen f o r  d i s ta n c e  ru n n in g . Trackmen S .C ., D.E. 
and  R .R . (68 . 6 9 , 6 2 ,7 9  a,nd 69 .12  m l/kg /m in ) have ru n  b e t t e r  th a n  4 :3 0
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f o r  th e  m ile , and  9 :3 0  f o r  two m ile s .  Trackman 1 ,0 .  (5 ^ .4 8  m l/kg /m in) 
h a s  ru n  10 :20  f o r  two m ile s  and  4 :5 5  i n  th e  m ile . I . G . ' s  low er maximum
oxygen in ta k e  i n d i c a t e s  t h a t  he i s  low er i n  c a rd io v a s c u la r  f i t n e s s  th a n
th e  o th e r  t r a i n e d  men. The l e s s  s u p e r io r  t r a c k  perfo rm an ces su p p o rt 
t h i s  h y p o th e s is .  None o f  th e  trackwomen have b e t t e r e d  f iv e  m in u tes  f o r  
th e  m ile  o r  tw e lv e  m in u te s  f o r  two m ile s .  T h e ir  low er maximum oxygen 
consum ption  re c o rd in g s  (39*05, 4 0 .6 4 , 46 ,21  and  5^ ,18  m l/kg /m in ) in d ic a te  
t h a t  t h e i r  endurance  c a p a c i t i e s  a re  l e s s  e f f i c i e n t  th a n  th e  t r a i n e d  men.
I n  c o n t r a s t  t o  th e  s u p e r io r i t y  o f  th e  trackm en t o  th e  o th e r  
g ro u p s , th e  maximum oxygen in ta k e  m easurem ents f o r  th e  t r a i n e d  women 
were n o t c o n s i s t e n t ly  h ig h e r  th a n  th o se  o f  th e  u n tr a in e d  men and women.
The c a rd io v a s c u la r  f i t n e s s  l e v e l s  o f  th e  r e p r e s e n ta t iv e s  o f  th e  th r e e  
l a t t e r  g roups v a r ie d  c o n s id e ra b ly .
Much in te rg ro u p  v a r i a b i l i t y  was o b se rv ed  i n  th e  maximum oxygen
in ta k e  v a lu e s  among th e  t r a i n e d  men and t r a i n e d  women. T h is  i s  n o t un­
common b ecau se  o th e r  s tu d ie s  ( 1 , 4 , 9 »1?) have r e p o r te d  s u b s t a n t i a l  v a r i a ­
t i o n  even among th e  m ost h ig h ly  t r a i n e d  a t h l e t e s .  N a tu ra l  s e l e c t io n  i n  
r e l a t i v e  m uscle f i b e r  co m p o sitio n  and m ethods o f  t r a i n in g  may acco u n t f o r  th e  
wide ran g e  o f  maximum oxygen in ta k e  m easurem ents w ith in  th e  t r a i n e d  g ro u p s.
RESULTS OF THE SUBMAXIMAL TEST
C om parisons were made betw een th e  t r a i n e d  and u n tr a in e d  s u b je c t s  
o f  each  sex  f o r  th e  r i d in g  tim e  en du red  (s e c o n d s ) , and th e  t o t a l  work 
o u tp u t p e rfo rm ed  (k ilo p o n d  m e te rs )  a t  n in e ty - f iv e  p e rc e n t  o f  th e  maximum 
oxygen in ta k e  on th e  submaximal pe rfo rm ance  t e s t .  The r e l a t i v e  w o rk - ra te s  
(k ilo p o n d  m e te rs  p e r  m in u te ) a t  which th e  p a r t i c i p a n t s  c y c le d  on th e  
submaximal endurance  t e s t  were a l s o  com pared. T ab le  IV p r e s e n t s  th e
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work o u tp u t,  r i d in g  tim e  and w ork load  m easurem ents f o r  each  o f  th e  
f o u r te e n  s u b je c t s .  The a p p ro p r ia te  group means a re  in d ic a te d  i n  th e  
same t a b l e .  F ig u re s  7 -9  i l l u s t r a t e  th e  r e s u l t s  i n  g ra p h ic  form .
The r e l a t i o n s h i p s  o f  maximal oxygen in ta k e  (m l/kg /m in ) w ith  
r i d in g  tim e , work o u tp u t and  th e  n in e ty - f iv e  p e rc e n t  w ork loads were 
a l s o  i n v e s t i g a t e d .  F ig u re s  10-12 i l l u s t r a t e  th e  v a lu e s  f o r  each o f  
th e  fo u r te e n  s u b je c t s .
R id in g  Time C om parisons
T ab le  IV com pares th e  r i d in g  tim e s  (seco n d s) t h a t  th e  p e rfo rm e rs  
were a b le  t o  m a in ta in  th e  w ork loads c o rre sp o n d in g  to  n in e ty - f iv e  p e rc e n t  
o f  th e  maximum oxygen in ta k e .  The t o t a l  r i d in g  tim e s  f o r  th e  e n t i r e  
subm axim al t e s t  ( in c lu d in g  th e  no r e s i s t a n c e ,  tw e n ty - f iv e , f i f t y ,  and  
s e v e n ty - f iv e  p e rc e n t  p ro g re s s iv e  warm-up lo a d s )  a re  in d ic a te d  i n  th e  
saune t a b l e .  S t a t i s t i c a l  com parisons were made o n ly  f o r  th e  n in e ty - f iv e  
p e rc e n t  r i d in g  t im e s .
The s in g le  c l a s s i f i c a t i o n  a n a ly s i s  o f  v a r ia n c e  (lO ) in d ic a te d  
t h a t  th e r e  were no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  i n  th e  r id in g  
tim e s  betw een th e  f o u r  g ro u p s . The computed F v a lu e  o f  0 .52  was f a r  
below  th e  8 .7 8  needed  f o r  a  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e .
F ig u re  7 i l l u s t r a t e s  th e  r e s u l t s .
R id in g  Time and Maixlmum Oxygen In ta k e
A Spearman ra n k -o rd e r  c o r r e l a t i o n  c o e f f i c i e n t  (iO ) was computed 
to  d e te rm in e  th e  r e l a t i o n s h i p  o f  r i d in g  tim e  (se co n d s) a t  n in e ty - f iv e  
p e rc e n t  and  maximum oxygen in ta k e .  The computed rho  o f  .253 in d ic a te d  
a  v e ry  low r e l a t i o n s h i p .  A g ra p h ic  p r e s e n ta t io n  i s  i l l u s t r a t e d  i n  
F ig u re  10.
TABLE IV
4 4
TOTAL WORK OUTPUT, RIDING TIME AND WORKLOAD 
MEASUREMENTS FOR THE FOURTEEN SUBJECTS
S u b je c t T o ta l  r i d in g  tim e  
f o r  e n t i r e  t e s t  
(m in u tes  : seconds)
R id in g  tim e  a t  
95^  o f  max. 0£ 
(m in u te s : seconds)
Work o u tp u t 
a t  95%
(k ilo p o n d  m e te rs )
95^  workli 
(k ilo p o n d  
m e te rs )
TRAINED MEN
I . e . 22:06 15:36 23868 1530
S.C . 15*46 9:16 13436 1450
R .R . 13:03 6:33 12707 1940
D.E. 14:42 8:12 15449 1884
16 :24 x= 9 : 56
TRAINED WOMEN
X -I63I 5 x=1701
K.M. 12:16 5:46 6054 1050
M.H. 12 :35 7 :05 6375 900
B.M. 21:17 14:47 14931 1010
A.B. 14:03 _.7_:_33__ 11401 1510
15:03 x=9:28 
UNTRAINED MEN
x=9690 x=1117 .5
J .H . 11 :59 5 :2 9 6536 1192
D .J . 17 :07 10 :37 16774 1580
J .A . 12 :04 _ 5 i3 4 7497^ 1347
13:43 5=7:13 
UNTRAINED WOMEN
5c =10269 2=1373
K.M. 13:41 7:11 7291 1015
T .R . 12:30 6:00 5910 985
S.M. 14:52 8:22 7906 .9 4 5
13:41 x=7111 x=7035 x=981.66
X = Group mean
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The c o r r e l a t i o n  "between r id in g  tim e and maximum oxygen in ta k e  f o r  
th e  m ale s u b je c t s  (rho=  •35?) in d ic a te d  t h a t  th e r e  was a  low r e l a t io n s h ip  
f o r  th e s e  two m easurem ents. In  c o n t r a s t ,  a  s l i g h t l y  n e g a tiv e  r e l a t io n s h ip  
(rho=  - 0O3 5 ) was found  betw een th e  t im e s  and th e  maximum oxygen in ta k e  
c a p a c i t i e s  among th e  women.
Work O utpu t C om parisons
T ab le  IV p r e s e n t s  th e  work o u tp u t v a lu e s  (k ilo p o n d  m e te rs )  f o r  
th e  fo u r te e n  s u b je c t s  on th e  n in e ty - f iv e  p e rc e n t  endurance t e s t .  F ig u re  8 
i l l u s t r a t e s  th e  r e s u l t s  i n  g ra p h ic  form .
A s in g le  c l a s s i f i c a t i o n  a n a ly s i s  o f  v a r ia n c e  showed no s t a t i s t i c a l l y  
s i g n i f i c a n t  d i f f e r e n c e s  i n  th e  group means. The computed v a lu e  o f  2 .8 4  
was below  th e  3 « 71 needed  f o r  s ig n i f ic a n c e  a t  th e  .0 5  l e v e l .  The 
r e l a t i v e l y  sm a ll  sam ple s i z e s  and th e  in te r -g r o u p  v a r i a b i l i t y  m ight 
a cco u n t f o r  th e  low v a lu e .
Work O utpu t and  Maximum Oxy^en In ta k e
The computed Spearman r a n k -o rd e r  c o r r e l a t io n  betw een th e s e  two 
v a r i a b le s  (rho=  .5 9 2 ) i n d ic a t e s  a  m oderate  r e l a t i o n s h ip  betw een work 
o u tp u t and  maximum oxygen in ta k e .  F ig u re  11 shows th e  r e s u l t s  g r a p h ic a l ly .
A r e l a t i v e l y  h ig h  r e l a t i o n s h i p  (rho=  .679) was found  betw een work 
o u tp u t and  m aximal oxygen in ta k e  among th e  men. In  c o n t r a s t ,  a  low c o r­
r e l a t i o n  was com puted ( rh o -  .142 ) betw een th e  same m easurem ents f o r  th e  
women.
N in e ty -F iv e  P e rc e n t  W orkload Com parisons
Each s u b je c t  p e d a l le d  a t  r e l a t i v e  work lo a d s  dependent on n in e ty -  
f iv e  p e rc e n t  o f  h i s  o r  h e r  maximum oxygen in ta k e  c a p a c i ty .  The work
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i n t e n s i t i e s  w ere d e te rm in e d  by th e  m ethod e x p la in e d  i n  th e  p re v io u s  
c h a p te r .
A s in g le  c l a s s i f i c a t i o n  a n a ly s i s  o f  v a r ia n c e  y ie ld e d  an F v a lu e  
o f  7 . 6 1 , i n d ic a t i n g  a  s i g n i f i c a n t  d i f f e r e n c e  a t  th e  *01 l e v e l .  F ig u re  9 
i l l u s t r a t e s  th e  r e s u l t s  g r a p h ic a l ly .  The Scheffe*  t e s t  (lO ) a llo w ed  
group com parisons t o  d e te rm in e  where th e  d i s s i m i l a r i t i e s  were* The 
r e s u l t s  i n d ic a t e d  t h a t  th e  t r a i n e d  men p e rfo rm ed  a t  h ig h e r  work lo a d s  
th a n  th e  t r a i n e d  and  u n t r a in e d  women. The s ig n i f ic a n c e  was a t  th e  .05  
l e v e l .  An F v a lu e  o f  a t  l e a s t  11.13  su g g e s ts  t h a t  th e r e  i s  a  s t a t i s t i c a l l y  
s i g n i f i c a n t  d i f f e r e n c e .  No s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  were 
fo und  betw een th e  t r a i n e d  and u n tr a in e d  men. The o th e r  com parisons 
showed t h a t  th e  o th e r  g roups were s im i la r  i n  th e  w ork loads.
The r e s u l t s :
T ra in e d  Men ^  T ra in e d  Women F=14-.21 
T ra in e d  Men = U n tra in e d  Men F= 3*85 
T ra in e d  men /  U n tra in e d  Women F=18.52 
T ra in e d  Women -  U n tra in e d  Men F= 2 .3 5  
T ra in e d  Women = U n tra in e d  Women F= .66  
U n tra in e d  Men = U n tra in e d  Women F= 4 .7 9
Maximal Oxygen In ta k e  and N in e ty -F iv e  P e rc e n t  W orkloads
A Spearman r a n k -o rd e r  c o r r e l a t i o n  c o e f f i c i e n t  was computed to  
d e te rm in e  th e  r e l a t i o n s h i p  o f  maximum oxygen in ta k e  (m l/kg /m in ) and th e  
r e l a t i v e  w ork loads u se d  on th e  n in e ty - f iv e  p e rc e n t  perform ance t e s t .  The 
Spearman rh o  o f  .792 in d ic a te d  a  h ig h  r e l a t i o n s h i p .  F ig u re  12 i l l u s t r a t e s  
th e  r e s u l t s  g r a p h ic a l ly ,
A h ig h  r e l a t i o n s h i p  ( rh o -  .750 ) was found  betw een th e  w orkloads
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ajid maximum oxygen in ta k e  among th e  male s u b je c t s .  The r e l a t i o n s h ip  
betw een th e  same two v a r i a b le s  was m odest ( r h o -  . 50 ) f o r  th e  women.
Summary
The r e s u l t s  i n d ic a te d  t h a t  th e  women c o u ld  perfo rm  a s  w e ll a s  
th e  men a t  r e l a t i v e  w ork loads e l i c i t i n g  n in e ty - f iv e  p e rc e n t  o f  th e  max­
im a l oxygen I n ta k e .  The work o u tp u t and r i d in g  tim e m easurem ents were 
s i m i l a r  f o r  th e  male and fem ale  g ro u p s . The e x e rc is e  ap p ea red  to  be 
e q u a l ly  s t r e s s f u l  f o r  b o th  se x e s . The in c o n s i s te n t  r e l a t i o n s h ip s  betw een 
a e ro b ic  c a p a c i ty  and  th e  r e s u l t s  o f  th e  perfo rm ance ( i . e .  r id in g  tim e , 
work o u tp u t)  su g g e s te d  t h a t  th e  maximal oxygen in ta k e  was o n ly  a  p a r t i a l  
d e te rm in e r  o f  s u c c e s s f u l  pe rfo rm an ce . The h ig h e r  c o r r e l a t io n s  betw een 
maximal oxygen in ta k e  and th e  r i d in g  tim e and work o u tp u t v a lu e s  among 
th e  men when compared to  th e  women, may su g g e s t t h a t  a e ro b ic  c a p a c i ty  
was more h ig h ly  r e l a t e d  t o  perfo rm ance f o r  th e  m ales th a n  f o r  th e  fem ales,
DISCUSSION RELATED TO SUBMAXIMAL ENDURANCE PERFORMANCES
The n in e ty - f iv e  p e rc e n t  r id in g  tim e s  ran g ed  from 5*29 to  15*36 
(x = 8 i Z 6 ) ,  w h ile  th e  t o t a l  r i d in g  tim e s  ( in c lu d in g  th e  fo u r  p r e - n in e ty -  
f i v e  p e rc e n t  lo a d s )  ex te n d ed  from  11 :59  to  22 :06  (x = 1 4 :5 1 ) . These 
v a lu e s  a re  c o n s id e ra b ly  lo w er th a n  th o se  c i t e d  i n  th e  l i t e r a t u r e .
S a l t i n  (3 2 ) r e p o r te d  t h a t  work i n t e n s i t i e s  e l i c i t i n g  n in e ty - f iv e  p e rc e n t 
o f  th e  maximum oxygen in ta k e  c a p a c i ty  c o u ld  be m a in ta in ed  f o r  f i f t e e n  to  
t h i r t y  m in u te s , w h ile  A s t r a n d  (3) n o te d  t h a t  t h i s  same p e rc e n ta g e  co u ld  
be en d u red  f o r  t h i r t y  m in u te s . However, th e s e  a u th o rs  b ased  t h e i r  
g e n e r a l i z a t io n s  i n  r e l a t i o n  t o  p ro lo n g e d  ru n n in g  perform ance c a p a c i ty  
( i . e .  5000 t o  10 ,000  m e te r t r a c k  r a c e s ) ,  and  made no re fe re n c e  t o  sub -
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m axim al en d u ran ce  c a p a c i ty  on a  b ic y c le  e rg o m e te r . The low er n in e ty -  
f i v e  p e rc e n t  r i d in g  tim e s  on a  "bicycle i n  com parison to  t r a c k  and  t r e a d ­
m i l l  ru n n in g  m igh t "be a t t r i b u t e d  t o  th e  lo c a l i z e d  th ig h  m uscle te n s io n  
an d  f a t ig u e  e x p e r ie n c e d  d u rin g  th e  perfo rm ance t e s t .  The m a jo r i ty  o f  
th e  p a r t i c i p a n t s  f e l t  t h a t  th e s e  d isc o m fo r ts  were th e  m ajor l im i t in g  
f a c t o r s  i n  t h e i r  endurance  t im e s .
The t o t a l  r i d in g  tim e s  su g g e s te d  t h a t  th e  d u ra t io n  o f  th e  p e r -  
form ajice t e s t s  were s u f f i c i e n t  f o r  a e ro b ic  m etabolism  to  p ro v id e  th e  
b u lk  o f  th e  en e rg y  re q u ire m e n ts . T h is  i s  c o n s i s te n t  w ith  K a tch ’ s 
f in d in g  (2 1 ) t h a t  maximum oxygen in ta k e  d id  n o t p r e d i c t  endurance p e r ­
form ance e f f e c t i v e l y  u n le s s  th e  e x e r c is e  was c o n tin u e d  f o r  a t  l e a s t  
e ig h t  m in u te s . I n  c o n t r a s t ,  supram axim al e f f o r t s  o f  s h o r te r  d u ra t io n  
(one t o  e ig h t  m in u te s )  and  h ig h e r  i n t e n s i t y  r e q u i r e  more energy  th a n  
can  be s u p p lie d  by th e  maximum oxygen in ta k e  c a p a c i ty  (3 2 ) . A naerob ic  
m etabo lism  i s  th e  p red o m in a te  en erg y  aource  d u rin g  th e s e  s h o r t  te rm , v e ry  
in te n s e  e x e r c i s e s .  W i l t 's  (12) oxygen req u ire m e n t t a b le  f o r  t r a c k  e v e n ts  
o f  v a ry in g  d is ta n c e s  i n d ic a t e s  t h a t  th e r e  i s  c o n s id e ra b le  o v e rla p p in g  o f 
th e  a n a e ro b ic  and  a e ro b ic  p ro c e s s e s  depending  on th e  c a rd io v a s c u la r  f i t ­
n e s s  o f  th e  i n d iv id u a l ,  and  th e  le n g th  and i n t e n s i t y  o f  th e  e v e n t,
Sharkey  (35) n o te s  t h a t  th e  s h i f t  from  one energy  sou rce  t o  a n o th e r  i s  
n o t a b ru p t ,  b u t  i s  a  s u b t le  t r a n s i t i o n  i n  e x e r c is e  o f in c r e a s in g  i n t e n s i t y .
D uring  th e  e a r l y  s ta g e s  o f  th e  n in e ty - f iv e  p e rc e n t  perform ance 
t e s t ,  th e  c i r c u l a t o r y  and  r e s p i r a t o r y  system s a d ju s t  t o  th e  demands o f  
th e  e x e r c is e  and  a d en o sin e  t r ip h o s p h a te  (ATP) i s  fu rn is h e d  by a n a e ro b ic  
m etabo lism , ATP i s  a  h ig h  e n erg y  compound d e r iv e d  from th e  c a rb o h y d ra te , 
f a t  and  p r o t e in  f o o d s tu f f s  we consume, and i s  th e  m ajor so u rce  o f  energy  
f o r  m uscle c o n t r a c t io n .  A naerob ic  m etabo lism , c o n s is t in g  o f  th e  phospagen
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and  g ly c o ly t ic  p h a se s , p ro v id e s  ATP w ith o u t a  dependence on oxygen con­
sum ption , D uring  th e  i n i t i a l  p h a se , c r e a t in e  phospha te  combines w ith  
a d en o s in e  d ip h o sp h a te  (ADP) t o  p roduce  ATP, w h ile  g ly c o ly s is  in v o lv e s  
th e  breakdow n of* g lu c o se  and  g lycogen  to  p y ru v a te  and ATP i n  th e  m uscle 
sa rco p la sm . When th e  c i r c u la t o r y  and r e s p i r a t o r y  system s a d ju s t  to  th e  
e x e r c is e  demands, a  s te a d y  s t a t e  i s  re a c h e d  whereby th e  ATP p roduced  i s  
e q u a l t o  th e  ATP u se d  and  th e  e n erg y  f o r  th e  m uscu la r c o n tr a c t io n s  i s  
d e r iv e d  th ro u g h  a e ro b ic  m etabo lism . A erob ic  pathw ays a re  dependent on 
th e  consum ption o f  oxygen i n  o rd e r  t o  p ro v id e  en erg y  f o r  e x e rc is e  from  
th e  o x id a t io n  o f  f a t s  and  c a rb o h y d ra te s . P y ru v a te , an  end p ro d u c t o f  
g ly c o ly s i s ,  i s  c h an n e le d  to  th e  a e ro b ic  mechanisms i n  th e  m uscle c e l l  
m ito c h o n d ria  where i t  i s  c o n v e rte d  to  a c e ty l  CoA and e n te r s  th e  K rebs 
c y c le  where en e rg y  bound i n  th e  chem ical bonds i s  r e le a s e d .  The e n te r in g  
compounds a re  d eg raded  t o  carbon  d io x id e  and hydrogen atom s. The e le c t r o n s  
from  th e  hydrogen atom s p a s s  th ro u g h  th e  e le c t r o n  t r a n s p o r t  system  where 
e n erg y  i s  p ro d u ced  and  hydrogen i s  r e le a s e d  a s  a  b y -p ro d u c t. Oxygen i s  
n e c e s s a ry  i n  a e ro b ic  m etabolism  i n  o rd e r  to  combine w ith  th e  hydrogen 
o f  th e  e le c t r o n  t r a n s p o r t  system  t o  y ie ld  w a te r . The e x e rc is e  i n t e n s i t y  
d e te rm in e s  w he ther f r e e  f a t t y  a c id s ,  g lu co se  o r  g lycogen  a re  o x id iz e d  i n  
th e  a e ro b ic  p ro c e s s .  D uring g r e a t e r  i n t e n s i t i e s  g lycogen  i s  u sed , w hile  
f a t  i s  th e  p r im a ry  f o o d s tu f f  o x id iz e d  d u rin g  low er work r a t e s .  I n t e n s i t y ,  
how ever, i s  dependen t on th e  c a rd io v a s c u la r  f i t n e s s  o f  th e  in d iv id u a l .  
D uring  th e  l a t e r  s ta g e s  o f  th e  pe rfo rm an ce , th e  oxygen consum ption i s  
in a d e q u a te  t o  su p p ly  th e  en erg y  n eed s  and  th e  body c a l l s  upon l e s s  
e f f i c i e n t  a n a e ro b ic  pathw ays f o r  ATP p ro d u c tio n . A naerobic m etabolism  
i s  e x tre m e ly  l im i te d  b ecau se  i t  can o n ly  endure  a t  peak  o u tp u ts  f o r  
f o r t y  t o  f i f t y  se co n d s . Upon d e p le t io n  o f  th e  g lycogen  and phosphagen
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r e s e r v e s  a v a i la b l e  f o r  m u scu la r a c t i v i t y ,  e x h a u s tio n  o c cu rs  because  th e  
a e r o b ic 'a n d  a n a e ro b ic  mechanisms can no lo n g e r  keep up w ith  th e  e x e rc is e  
demands f o r  ATP* The s u b je c t  must red u ce  h i s  work r a t e  to  an  i n t e n s i t y  
w hereby m e ta b o lic  p ro c e s s e s  can  p ro v id e  s u f f i c i e n t  ATP*
A lthough  th e  av e rag e  n in e ty - f iv e  p e rc e n t  r id in g  tim e s  were 
s l i g h t l y  h ig h e r  f o r  th e  t r a i n e d  g roups (men -  9*56, women ** 9*28) th a n  
f o r  th e  u n t r a in e d  s u b je c ts  (men = 7 : 13 » women = 7 : 1 1 ) ,  no s ig n i f i c a n t  
group d i f f e r e n c e s  were found  u s in g  th e  a n a ly s i s  o f  v a rian ce*  The s im i la r ­
i t i e s  i n  th e  endurance  t im e s  m ight be e x p ec te d  because  each s u b je c t  p e d a l­
l e d  a t  r e l a t i v e  w ork loads e q u iv a le n t  t o  a  p e rc e n ta g e  ( n in e ty - f iv e  p e r ­
c e n t)  o f  h i s  o r  h e r  maximal oxygen in ta k e  c a p a c i ty .  I t  i s  i n t e r e s t i n g  
to  n o te  t h a t  th e  t r a i n e d  men, t r a i n e d  women, u n tr a in e d  men and u n tra in e d  
women had  s i m i l a r  e x h a u s tio n  tim e s , su g g e s tin g  no s u p e r io r i ty  w ith  r e g a rd  
t o  sex  i n  b ic y c le  r i d in g  tim e  perfo rm ance a t  n in e ty - f iv e  p e rc e n t  oxygen 
consum ption  a t  r e l a t i v e  workloads* T h is  may su g g e s t t h a t  men and women 
may have e q u a l  c a p a b i l i t i e s  t o  endure  a t  submaximal p e rc e n ta g e s  o f  t h e i r  
in d iv id u a l  m aximal oxygen in ta k e  c a p a c i t ie s *  F u tu re  re s e a rc h  com paring 
th e  a b i l i t y  o f  men and  women to  e x e rc is e  a t  r e l a t i v e  f r i c t i o n  lo a d s  a t  
o th e r  p e rc e n ta g e s  o f  th e  a e ro b ic  c a p a c i t i e s  sh o u ld  add i n s ig h t  in to  th e  
endurance  c a p a b i l i t i e s  o f  th e  two se x e s , and th e  r o le  o f th e  maximal 
oxygen in ta k e  i n  th e s e  p e rfo rm an c e s .
The low r e l a t i o n s h ip  betw een maximum oxygen in ta k e  and r id in g  
tim e , a s  i n d ic a te d  by th e  Spearman r a n k -o rd e r  c o r r e l a t io n  c o e f f i c i e n t ,  
(rho=  *253 ) su g g e s ts  t h a t  h ig h e r  a e ro b ic  c a p a c i t i e s  d id  n o t n e c e s s a r i ly  
p roduce  lo n g e r  b ic y c le  r i d in g  tim es*  The r e s u l t s  in  th e  p re s e n t  in v e s ­
t i g a t i o n  a re  i n  agreem en t w ith  S a l t i n 's  (3 2 ) f in d in g  t h a t  t r a in e d  and 
u n t r a in e d  s u b je c t s ,  w ith  m arkedly  d i f f e r e n t  maximum oxygen in ta k e
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c a p a c i t i e s ,  had  s im i l a r  e x h a u s tio n  tim e s  when p e rfo rm in g  a t  r e l a t i v e  
work i n t e n s i t i e s  (kpm) on a  "bicycle ergom eter#  The w orkloads i n  S a l t in * s  
i n v e s t i g a t i o n  r e q u i r e d  a  s t e a d y - s t a te  oxygen u p tak e  o f  on ly  s ix ty - e ig h t  
p e rc e n t  o f  th e  t o t a l  maximum oxygen in ta k e  c a p a c i ty ,  and  th e  r i d in g  tim e s  
a v e ra g e d  283 m in u te s . The e x e rc is e  i n t e n s i t i e s  i n  th e  p re s e n t  i n v e s t i ­
g a t io n  were c o n s id e ra b ly  h ig h e r  th a n  th o se  u sed  i n  th e  S a l t i n  s tu d y .
The a v e rag e  r i d in g  tim e  i n  th e  p r e s e n t  i n v e s t i g a t io n  (1 ^ :5 ^ ) in d ic a te d  
t h a t  th e  n in e ty - f iv e  p e rc e n t  work i n t e n s i t i e s  were c o n s id e ra b ly  h ig h e r  
th a n  th e  lo a d s  u se d  i n  h i s  s tu d y . The p e rfo rm e rs  i n  th e  p re s e n t  s tu d y  
e x e r c is e d  a t  a  h ig h e r  oxygen consum ption p e r  u n i t  tim e , and had  to  d ip  
i n to  th e  phosphagen and g ly c o ly t ic  s u p p l ie s  (a n a e ro b ic  m etabolism ) 
e a r l i e r  i n  th e  p e rfo rm an ce ,
A. low r e l a t i o n s h i p  (rho*  ,357) was n o te d  betw een maximum oxygen 
in ta k e  c a p a c i ty  and  th e  r i d in g  tim e s  f o r  th e  men on th e  perfo rm ance t e s t .  
I n  c o n t r a s t ,  a  s l i g h t l y  n e g a tiv e  r e l a t i o n s h ip  (rho=  - 0O36 ) was ob serv ed  
among th e  women. However, b o th  r e l a t i o n s h i p s  were v e ry  low, in d ic a t in g  
t h a t  h ig h e r  maximum oxygen in ta k e  was n o t a s s o c ia te d  w ith  lo n g e r  exhaus­
t i o n  t im e s  f o r  e i t h e r  se x .
S u b je c ts  I . e . ,  B . M , , and  D. J,  p erfo rm ed  c o n s id e ra b ly  lo n g e r  th a n  
th e  o th e r  e le v e n  p a r t i c i p a n t s  on th e  submaximal endurance t e s t  (150^1  
1 4 :4 ?  and 10 :37  r e s p e c t iv e ly ) .  An ex am in a tio n  o f  th e  oxygen consum ption- 
w ork load  g ra p h s , from  which th e  n in e ty - f iv e  p e rc e n t  lo a d s  were de te rm ined , 
r e v e a l s  a  p o s s ib le  cause  f o r  t h e i r  more s u p e r io r  r id in g  t im e s . The oxygen 
consum ption l i n e s  f o r  th e s e  th r e e  p e rfo rm e rs  f l a t t e n e d  c o n s id e ra b ly  a t  
th e  peak  c r e s t s .  B ecause o f  t h i s  l e v e l l i n g  phenomenon, th e  n in e ty - f iv e  
p e r c e n t  w ork loads may n o t have c o rre sp o n d ed  e x a c t ly  t o  n in e ty - f iv e  p e r ­
c e n t  o f  th e  maximal oxygen in ta k e  c a p a c i ty .  The lo a d s  a t  which I . G . ,
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B.M, and  D .J . e x e r c is e d  may have "been u n d e re s t im a te s  o f  th e  e x a c t p e d a l 
r e s i s t a n c e  r e q u i r e d  to  ta x  n in e ty - f iv e  p e rc e n t  o f  th e  t o t a l  a e ro b ic  capa­
c i t y ,  The l im i t a t io n s  o f  th e  gas c o l l e c t io n  and  a n a ly s i s  in s tru m e n ts  
u se d  i n  t h i s  i n v e s t i g a t io n  d id  n o t a llo w  f o r  th e  co n tin u o u s m o n ito rin g  
o f  oxygen consum ption  i n  o rd e r  to  s e t  th e  w orkload  a t  th e  p r e c is e  l e v e l  
to  e l i c i t  n i n e ty - f iv e  p e rc e n t  oxygen consum ption. Because I .G , ,  B.M, 
and  D .J . may have been  e x e r c is in g  a t  a  low er p e rc e n ta g e  o f  t h e i r  maximum 
oxygen in ta k e  c a p a c i t i e s ,  th e y  may have been a b le  t o  perfo rm  a e r o b ic a l ly  
lo n g e r ,  and  s t a l l  th e  d e p le t io n  o f  th e  phosphagen and  g ly c o ly t ic  r e s e r v e s .  
S in ce  th e  o th e r  s u b je c t s  may have o p e ra te d  a t  a  g r e a t e r  p e rc e n ta g e  o f 
t h e i r  maximum oxygen in ta k e  c a p a c i t i e s ,  th e y  may have depended on a n a e ro ­
b ic  m etabo lism  e a r l i e r  i n  th e  p erfo rm an ce , which may have le d  to  e a r l i e r  
e x h a u s tio n .
D e sp ite  th e  d i f f e r e n c e s  i n  th e  group a v e rag e s  f o r  work o u tp u t on 
th e  n in e ty - f iv e  p e rc e n t  b ic y c le  endurance t e s t  ( t r a in e d  men = I 6315 kpm, 
t r a i n e d  women = 9^90 kpm, u n tr a in e d  men = 10269 kpm, u n tr a in e d  women = 
7035 kpm), th e  s in g le  c l a s s i f i c a t i o n  a n a ly s i s  o f  v a r ia n c e  in d ic a te d  t h a t  
th e s e  d i s s i m i l a r i t i e s  were n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  The r e s u l t s  
c o n f l i c t  w ith  S a l t in * s  (32) f in d in g  t h a t  a  t r a i n e d  s u b je c t  w ith  a  h ig h e r  
maximal oxygen in ta k e  c a p a c i ty  c o u ld  p e rfo rm  c o n s id e ra b ly  more work th a n  
an  u n tr a in e d  in d iv id u a l  w ith  a  low er maximal oxygen in ta k e  w h ile  e x e r ­
c i s in g  on a  b ic y c le  e rg o m e te r a t  r e l a t i v e  work lo a d s . A lthough most o f  
th e  e n erg y  re q u ire m e n ts  i n  b o th  s tu d ie s  were p ro b a b ly  p ro v id e d  th ro u g h  
a e ro b ic  m etabo lism  and th e  s e l e c t i v e  re c ru i tm e n t  o f  th e  h ig h  o x id a t iv e  
slow  tw i tc h  m uscle f i b e r  ty p e s ,  th e  g r e a t e r  e x e rc is e  i n t e n s i t i e s  in  th e  
p r e s e n t  i n v e s t i g a t i o n  r e q u i r e d  an in c r e a s e d  a c t iv a t io n  o f  a n a e ro b ic  
m etabo lism  and th e  f a s t  c o n t r a c t in g  f i b e r s .  The f a s t  tw itc h  c o n t r a c t i l e
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u n i t s  a re  r e c r u i t e d  when th e  work i n t e n s i t y  in c r e a s e s  t o  a  l e v e l  when 
en e rg y  n eed s  can no lo n g e r  be p ro v id e d  s t r i c t l y  by th e  maximum oxygen 
i n t a k e . A naerob ic  c a p a c i ty  may have p la y e d  a  more p r e v a le n t  r o le  in  
e x e r c is e  o f  th e  i n t e n s i t y  and d u ra t io n  u sed  i n  t h i s  s tu d y  th a n  m ight be 
e x p e c te d . None o f  th e  s u b je c ts  had  e v e r  r id d e n  on an e rg o m ete r p r i o r  
to  t h i s  i n v e s t i g a t i o n ,  th u s  th e r e  i s  a  p o s s i b i l i t y  t h a t  th e  s u b je c ts  
were i n e f f i c i e n t  a t  th e  t a s k .
The c o r r e l a t io n  betw een maximal oxygen in ta k e  c a p a c i ty  and work 
o u tp u t (rho=  , 592) on th e  n in e ty - f iv e  p e rc e n t  b ic y c le  t e s t  su g g e s ts  t h a t  
th e r e  was a  m odest r e l a t i o n s h ip  betw een h ig h  a e ro b ic  c a p a c i ty  and more 
s u p e r io r  work o u tp u t.  O th e r f a c t o r s  may i n t e r r e l a t e  to  de te rm ine  work 
o u tp u t a t  t h i s  i n t e n s i t y  and d u ra t io n .  In  a d d i t io n  to  th e  in c re a s e d  
a n a e ro b ic  m etabo lism  r e s u l t i n g  from  th e  a c t iv a t io n  o f  th e  f a s t  c o n tr a c t in g  
f i b e r  ty p e s  i n  re sp o n se  t o  h ig h e r  w ork loads and  r a t e s  o f  c o n tr a c t io n ,  
m uscle s t r e n g th ,  body com position  m easurem ents and m o tiv a tio n a l  f a c to r s  
m ust a l s o  be c o n s id e re d  a s  p o s s ib le  d e te rm in e rs  o f  s u c c e s s fu l  perform ance 
on n in e ty - f iv e  p e rc e n t  submaximal b ic y c le  t e s t s .  K atch e t  a l ,  (22) n o te d  
t h a t  b ic y c le  work t e s t s  a t  h ig h  r a t e s  o f  c o n tr a c t io n  may in v o lv e  a  s t r e n g th  
t e s t  and  th e  te rm in a t io n  o f  th e  e x e rc is e  may o ccu r because  th e  f r i c t i o n  
lo a d  becomes to o  demanding f o r  th e  s u b je c t ’ s  s t r e n g th .  He added t h a t  
th e s e  t e s t s  a re  v e ry  s e n s i t iv e  t o  p s y c h o lo g ic a l  (m o tiv a tio n a l)  f a c t o r s .  
Body co m p o sitio n  m easurem ents were n o t ta k e  i n  t h i s  I n v e s t ig a t io n ,  th u s  
th e r e  i s  no way o f  knowing i f  a  s p e c i f i c  body fram e o r  s iz e  i s  more 
ad v an tag eo u s f o r  more s u p e r io r  b ic y c le  p e rfo rm an ces a t  t h i s  work i n t e n s i t y .  
W hile a  low c o r r e l a t i o n  (rho=  .142) was found betw een maximum 
oxygen in ta k e  c a p a c i ty  and  work o u tp u t on th e  n in e ty - f iv e  p e rc e n t  p e r ­
form ance t e s t  among th e  women, a  r a t h e r  m odest r e l a t i o n s h ip  (rho=  . 679)
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was n o te d  f o r  th e  men. A erob ic  c a p a c i ty  was more h ig h ly  r e l a t e d  t o  work 
o u tp u t among th e  men th a n  th e  women. The r e s u l t s  may su g g e s t t h a t  th e  
m ales may have u se d  a e ro b ic  m etabolism  a s  a  so u rce  o f  energy  d u rin g  th e  
p e rfo rm ance  t o  a  g r e a t e r  d eg ree  th a n  th e  fe m a le s . I f  t h i s  was t r u e ,  th e  
men m ight be e x p e c te d  to  o u tp erfo rm  th e  women b ecau se  th e y  c o u ld  o p e ra te  
lo n g e r  a e r o b ic a l ly ,  w h ile  th e  women would have to  depend more on a n a e ro b ic  
m etabo lism  a s  a  so u rc e  o f  ATP. However, th e  a n a ly s i s  o f  v a r ia n c e  in d ic a ­
t e d  t h a t  th e  male and  fem ale  g roups had  s im i la r  work o u tp u t v a lu e s  w h ile  
e x e r c i s in g  a t  r e l a t i v e  w ork loads e l i c i t i n g  n in e ty - f iv e  p e rc e n t  oxygen 
consum ption . M uscu lar f a t i g u e  may have te rm in a te d  th e  perfo rm ances o f  
th e  men p r i o r  t o  th e  d e p le t io n  o f  th e  ATP t h a t  th e y  c o u ld  p ro v id e  a e ro b ic ­
a l l y ,  However, th e  r i d in g  tim e and work o u tp u t d a ta  su g g e s ts  t h a t  b o th  
se x e s  were u n d e r e q u a l s t r e s s  f o r  t h i s  ty p e  o f  e x e r c is e .
A com parison  o f  th e  work o u tp u t v a lu e s  betw een th e  u n tr a in e d  
men and  women w ith  s im i la r  maximal oxygen in ta k e  c a p a c i t i e s  su p p o r ts  
th e  h y p o th e s is  t h a t  th e  m ales and  fem a le s  had  s im i la r  c a p a c i t i e s  t o  work 
a t  th e  n in e ty - f iv e  p e rc e n t  l e v e l .  U n tra in e d  women T .R . and S.M. (39*72 
and 4 3 .7 7  m l/kg /m in ) and  u n t r a in e d  man J .H . (40 m l/kg /m in) perfo rm ed  
e q u a l ly  w ith  r e g a rd  t o  work o u tp u t (59101 7906 and  6336  k i lo p o n d s ) . 
However, u n t r a in e d  man J .A . (49*42 m l/kg /m in ) and u n tr a in e d  woman K.M. 
(33*62 m l/k g /m in ) had  s i m i l a r  work v a lu e s  (7497 and 7291 k ilo p o n d s)  de­
s p i t e  th e  maximum oxygen in ta k e  d i f f e r e n c e .  The in c o n s is te n t  r e l a t i o n ­
s h ip s  betw een maximal oxygen in ta k e  and work o u tp u t f o r  b o th  sex es  a g a in  
s u g g e s ts  t h a t  o th e r  v a r i a b le s  ( c i t e d  p re v io u s ly )  may i n t e r r e l a t e  w ith  
a e ro b ic  c a p a c i ty  d u r in g  b ic y c le  e x e r c is e  a t  th e  n in e ty - f iv e  p e rc e n t  l e v e l .  
D e sp ite  th e  s im i l a r  work and  r i d in g  tim e  p erfo rm an ces f o r  th e  two sex es , 
th e  p h y s io lo g ic a l  b a s i s  o f  th e s e  s i m i l a r i t i e s  c o u ld  n o t be d e te rm in ed
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from  th e  d a ta  i n  t h i s  i n v e s t i g a t i o n •
The r e l a t i v e l y  sm a ll group s i z e s  and  th e  in te rg ro u p  v a r i a b i l i t y  
may a cc o u n t f o r  th e  la c k  o f  s ig n i f ic a n c e  w ith  re g a rd  t o  th e  work o u tp u t 
m easurem ents. C lo se r  in s p e c t io n  r e v e a l s  t h a t  th e  f l a t t e n i n g  o f  th e  
oxygen consum ption-w ork load  l i n e s  from which th e  n in e ty - f iv e  p e rc e n t  
i n t e n s i t i e s  were d e te rm in e d  may be r e l a t e d  t o  t h i s  w ith in  group v a r i a b i l ­
i t y .  The s u b je c t s  ( l .C . ,  B.M. and  D .J . )  whose g rap h s  dem o n stra ted  t h i s  
e x a g g e ra te d  f l a t t e n i n g ,  m easura c o n s id e ra b ly  h ig h e r  work o u tp u t v a lu e s  
th a n  th e  o th e r  members o f  t h e i r  g ro u p s . As d is c u s s e d  e a r l i e r ,  th e s e  
t h r e e  in d iv id u a l s  ro d e  c o n s id e ra b ly  lo n g e r  th a n  th e  e le v en  o th e r  s u b je c ts  
b ecau se  th e  work r a t e s  a t  which th e y  perfo rm ed  may have been u n d e re s tim a te s  
o f  n in e ty - f iv e  p e rc e n t  oxygen consum ption . Work o u tp u t may have been 
g r e a t e r  b ecau se  o f  th e  lo n g e r  r id in g  t im e s . When th e  fo u r  g roups a re  
com pared w ith o u t th e  d a ta  from th e s e  fo u r  s u b je c ts ,  th e  t r a in e d  men 
a v e rag e  n e a r ly  tw ic e  th e  work o u tp u t (13864 kpm) o f  th e  o th e r  th r e e  
g ro u p s (7943 kpm, ?017 kpm, 7035 kpm). The t r a i n e d  women and th e  u n t r a in e d  
men and  women a r e  s im i la r  i n  t h i s  m easurem ent. The u n tr a in e d  men and 
women a p p e a r  t o  have s im i l a r  c a p a b i l i t i e s  f o r  t h i s  ty p e  o f  e x e r c is e .
The la c k  o f  s u p e r i o r i t y  o f  th e  trackm en and  trackwomen over th e  
n o n - a th le te s  i n  work o u tp u t m ight su g g e s t t h a t  lo n g  d is ta n c e  and  m iddle 
d is ta n c e  t r a c k  t r a i n i n g  i s  n o t s u f f i c i e n t l y  s p e c i f i c  to  c a r ry -o v e r  f o r  
s u c c e s s fu l  p e rfo rm an ces  on th e  b ic y c le .  The s p e c i f i c  m uscle g roups u sed  
i n  th e  e v e n t sh o u ld  be t r a i n e d  (35)# I f  su c c e ss  i n  b ic y c le  c o m p e titio n  
i s  d e s i r e d ,  o p tim a l im provem ent can o n ly  be g a in e d  th ro u g h  p r a c t ic e  and 
c o n d it io n in g  on a  b ic y c le .  The s p e c i f i c  m e ta b o lic  p ro c e s s e s  u sed  in  th e  
s p o r t  must be em phasized  i n  th e  t r a i n i n g  program  (3 2 ) . T ra in in g  can 
in c r e a s e  th e  o x id a t iv e  and  g ly c o ly t ic  p o t e n t i a l  o f  th e  m uscle f i b e r s  ( l 4 ,3 2 ) .
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Long endu rance  e x e r c is e  im proves th e  a e ro b ic  f u n c t io n s ,  w h ile  s p r i n t  and 
v e ry  in te n s e  i n t e r v a l  t r a i n i n g  c o n d it io n s  th e  a n a e ro b ic  m e ta b o lic  p ro ­
c e s s e s .  The im provem ent i n  a n a e ro b ic  e f f i c ie n c y  ta k e s  p la c e  i n  th e  f a s t  
tw i tc h  m uscle f i b e r s ,  w h ile  th e  o x id a t iv e  mechanisms im prove i n  th e  f a s t  
and  slow  c o n t r a c t i l e  f i b e r s  (3 2 ) . T ra in in g  can in c re a s e  th e  g lycogen  
s to ra g e  c a p a c i ty  o f  s k e l e t a l  m uscle (3 2 ) . G lycogen i s  an e s s e n t i a l  sub­
s t r a t e  i n c r e a s in g ly  u sed  f o r  th e  p ro d u c tio n  o f  energy  a s  th e  work in te n ­
s i t y  in c r e a s e s .  D is ta n c e  t r a i n i n g  enhances th e  a c t i v i t y  o f  f a t  enzymes 
f o r  f a t  d e g ra d a t io n , th u s  th e  a t h l e t e  can u se  f a t  a s  a  s u b s t r a te  f o r  
m odera te  e x e r c i s e .
T here  was a  h ig h  r e l a t i o n s h ip  ( rh o -  .792 ) betw een maximal oxygen 
in ta k e  c a p a c i ty  and th e  r e l a t i v e  n in e ty - f iv e  p e rc e n t  w o rk -ra te s  a t  which 
each  in d iv id u a l  e x e r c is e d  on th e  submaximal t e s t .  The r e s u l t s  in d ic a te  
t h a t  th e  s u b je c t s  w ith  h ig h e r  a e ro b ic  c a p a c i t i e s  pe rfo rm ed  more work p e r  
u n i t  tim e  (kpm/min) th a n  th e  in d iv id u a ls  w ith  low er maximal oxygen in ta k e  
c a p a c i t i e s  when e x e r c is in g  a t  r e l a t i v e  f r i c t i o n  lo a d s  e l i c i t i n g  n in e ty -  
f i v e  p e rc e n t  o f  th e  maximal oxygen i n t a k e . Work i n t e n s i t y  i s  a  r e l a t i v e  
m easurem ent, and  i s  dependen t on th e  c a rd io v a s c u la r  f i t n e s s  o f  th e  i n d i ­
v id u a l ,  However, th e  r e l a t i o n s h ip  betw een maximal oxygen in ta k e  and th e  
n in e ty - f iv e  p e rc e n t  w ork loads was c o n s id e ra b ly  h ig h e r  f o r  th e  men (rho= • 750) 
th a n  f o r  th e  women (rho=  *50)• The a n a ly s i s  o f  v a r ia n c e  in d ic a te d  t h a t  
th e  trackm en e x e r c is e d  a t  h ig h e r  w ork loads th a n  th e  t r a in e d  and u n tra in e d  
women. T h is  m igh t be a t t r i b u t e d  to  th e  h ig h e r  a e ro b ic  c a p a c i t i e s  among 
th e  t r a i n e d  men. T h is  may be th e  c a u s a t io n  f o r  th e  h ig h e r  r e l a t i o n s h ip  
betw een a e ro b ic  c a p a c i ty  and  th e  n in e ty - f iv e  p e rc e n t  w ork loads among th e  
men.
The subm axim al t e s t  r e s u l t s  in d ic a t e d  t h a t  th e  women c o u ld  perfo rm
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a s  w e l l  a s  th e  men a t  r e l a t i v e  w orkloads e l i c i t i n g  n in e t y - f iv e  p e r c e n t  
o f  th e  msLXimal oxygen in ta k e  c a p a c ity  on th e  b i c y c l e .  Both s e x e s  may 
have s im i la r  c a p a b i l i t i e s  t o  e x e r c is e  a t  a p ercen ta g e  o f  t h e ir  maximal 
oxygen in ta k e  c a p a c i t ie s ,  in  a r e l a t i v e  s e n s e . The a b i l i t y  to  p ro v id e  
en erg y  through  th e  a n a ero b ic  and a e r o b ic  m eta b o lic  mechanisms w ith in  th e  
m uscle f ib e r s  may be e q u a lly  e f f i c i e n t  i n  men and women f o r  b ic y c le  e x e r ­
c i s e  o f  th e  i n t e n s i t y ,  d u ra tio n  and r e l a t i v e  w orkloads u sed  in  th e  p r e ­
se n t  i n v e s t i g a t i o n .  The o x id a t iv e  and g l y c o l y t i c  p o t e n t ia l  o f  th e  slow  
and f a s t  c o n tr a c t in g  m uscle f ib e r s  may be s im ila r  f o r  both  s e x e s  during  
b ic y c le  p erform an ces a t  r e l a t i v e  n in e t y - f iv e  p er ce n t w ork loads. The 
r e l a t i v e  c o n c e n tr a t io n s  o f  th e  a e r o b ic  enzymes w ith in  th e  m uscle c e l l  
m ito ch o n d ria  may be s im i la r  in  men and women. The m itoch on d ria  may have 
e q u a l c a p a b i l i t i e s  t o  p ro v id e  th e  ATP r eq u ir e d  fo r  e x e r c is e  r e q u ir in g  
n in e t y - f iv e  p e r c e n t  o f  th e  maximal oxygen in ta k e .  The g ly c o ly t i c  and 
phosphagen ap p aratu s w ith in  th e  f a s t  tw itc h  f ib e r s  may have been e q u a lly  
e f f i c i e n t  in  th e  m ales and fem a les  i n  t h i s  in v e s t ig a t io n .
H isto c h e m ic a l m easurem ents were n ot made in  t h i s  in v e s t ig a t io n ,  
th u s  th e r e  i s  no way o f  knowing i f  th e  s im ila r  ex h a u stio n  t im e s  and work 
ou tp u t v a lu e s  among th e  men and women were a t t r ib u t e d  t o  r e l a t i v e l y  eq u a l 
p e r c e n ta g e s  o f  slow  and f a s t  tw itc h  f ib e r s  w ith in  th e  m u scles  in v o lv e d  
in  th e  b ic y c le  p erform an ce. F uture s tu d ie s  must in v e s t ig a t e  t h i s  p o s ­
s i b i l i t y .
The p h y s io lo g ic a l  sy stem s in v o lv e d  w ith  ta k in g  i n ,  tr a n sp o r t in g  
and u t i l i z i n g  oxygen f o r  th e  p ro d u ctio n  o f  ATP en ergy  appeared t o  be 
e q u a lly  e f f i c i e n t  f o r  both  s e x e s ,  a s  e v id en ced  by th e  s im ila r  e x h a u stio n  
t im e s  and work ou tp u t m easurem ents. T h is  may su g g e s t  th a t  th e  system s  
in v o lv e d  w ith  r e s p ir a t io n ,  c i r c u la t io n ,  c a r d ia c  fu n c t io n  and th e  m eta-
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"bolism o f  f o o d s tu f f s  may n o t "be s u p e r io r  i n  men a s  r e p o r te d  by th e  s tu d ie s  
c i t e d  i n  C h a p te r  I .  However, p a s t  i n v e s t i g a t io n s  have compared th e  fu n c ­
t i o n  o f  th e s e s  sy stem s i n  re sp o n se  to  a b s o lu te  work lo a d s , r a t h e r  th a n  
r e l a t i v e  work i n t e n s i t i e s .
O th e r r e s e a r c h e r s  (1 ,2 9 )  t h a t  have r e p o r te d  a  s u p e r io r i t y  o f  
men o v e r women i n  endurance  c a p a c i ty  have u sed  a b s o lu te  w orkloads i n  
t h e i r  s t u d i e s .  The s im i l a r  pe rfo rm an ces o f  th e  m ales and  fem ales  sug­
g e s t s  t h a t  b o th  se x es  may be a b le  to  p erfo rm  s im i la r ly  i n  r e l a t i v e  te rm s 
a t  n in e ty - f iv e  p e rc e n t  o f  th e  maximal oxygen in ta k e  c a p a c i ty .  F u tu re  
i n v e s t i g a t i o n s  m ust compare men and women a t  o th e r  p e rc e n ta g e s  o f  th e  
m axim al oxygen in ta k e  i n  o rd e r  t o  d term ine  i f  b o th  sex es have s im i la r  
c a p a b i l i t i e s  a t  o th e r  w ork loads .
CHAPTER IV
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
FINDINGS
The f in d in g s  o f  t h i s  s tu d y  a re  sum m arized i n  th e  fo llo w in g  
s ta te m e n ts  :
1 . The t r a i n e d  men were s u p e r io r  t o  th e  t r a i n e d  women, u n tra in e d  
men and u n t r a in e d  women w ith  r e g a rd  to  maximal oxygen in ta k e  
c a p a c i ty ,
2 . No d e f i n i t e  group s u p e r io r i t y  i n  maximum oxygen in ta k e  c o u ld  
be found  betw een th e  trackwomen and th e  u n tr a in e d  men and 
women.
3 .  A r e l a t i v e l y  la rg e  range  i n  a e ro b ic  c a p a c i ty  was found  w ith in  
each  o f  th e  fo u r  g roups (trackm en , trackwomen, u n tra in e d  men, 
u n t r a in e d  women)•
4 . T here  was a  m odest r e l a t i o n s h ip  (rho=  .592) betw een maximal 
oxygen in ta k e  c a p a c i ty  (m l/kg /m in ) and work o u tp u t on th e  
n i n e ty - f iv e  p e rc e n t  perfo rm ance  t e s t .  T here was a  modest 
r e l a t i o n s h i p  betw een th e s e  two m easurem ents among th e  men 
(rho=  . 679 ) b u t  a  low c o r r e l a t io n  was n o te d  (rho=  ,142) f o r  
th e  women.
5 . T here  was a  low r e l a t i o n s h i p  (rho=  .253) betw een maximal 
oxygen in ta k e  c a p a c i ty  and  r i d in g  tim e  on th e  n in e ty - f iv e  
p e rc e n t  perfo rm ance  t e s t ,  A low r e l a t i o n s h ip  (rho= .357)
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was found  betw een th e s e  two v a r ia b le s  among th e  men, w h ile  
a  s l i g h t l y  n e g a tiv e  r e l a t i o n s h ip  (rho=  - . 035) was o bserved  
among th e  women.
6 , T here  was a  h ig h  r e l a t i o n s h ip  (rh o  = .792) betw een maximal 
oxygen in ta k e  c a p a c i ty  (m l/kg /m in ) and th e  w orkloads a t  
which th e  s u b je c ts  pe rfo rm ed  on th e  n in e ty - f iv e  p e rc e n t 
t e s t .  However, th e  r e l a t i o n s h ip  f o r  th e  men (rho= .750) was 
h ig h e r  th a n  f o r  th e  women (rho= .^ O ).
7o The r i d in g  tim e s  on th e  n in e ty - f iv e  p e rc e n t  perform ance t e s t  
were s im i l a r  f o r  th e  trackm en , trackwom en, u n t r a in e d  men and 
u n t r a in e d  women.
8 . No s t a t i s t i c a l l y  s i g n i f i c a n t  group d i f f e r e n c e s  were found 
w ith  r e g a rd  to  work o u tp u t betw een th e  trackm en, trackwomen, 
u n t r a in e d  men and u n tr a in e d  women.
9# The t r a i n e d  men e x e rc is e d  a t  h ig h e r  w orkloads ( r e p re s e n tin g  
n in e ty - f iv e  p e rc e n t  o f  th e  a e ro b ic  c a p a c i ty )  th a n  th e  t r a in e d  
and  u n t r a in e d  women on th e  submaximal perform ance t e s t .
10. L o c a liz e d  th ig h  m uscle f a t ig u e  and d isc o m fo r ts  ap p ea red  to
p la y  an  im p o r ta n t  r o le  i n  th e  te rm in a t io n  o f  th e  perfo rm ances 
on th e  subm axim al t e s t .
CONCLUSIONS
1 , The r e s u l t s  su g g e s t t h a t  th e  two se x es  had  r e l a t i v e l y  s im i la r  
c a p a b i l i t i e s  f o r  s t e a d y - s t a t e  b ic y c le  e x e rc is e  when each sub­
j e c t  p e rfo rm ed  a t  r e l a t i v e  w ork loads e l i c i t i n g  n in e ty - f iv e  
p e rc e n t  o f  th e  maximal oxygen in ta k e  c a p a c i ty .
2 . The in c o n s i s t e n t  r e l a t i o n s h i p s  betw een maximal oxygen in ta k e
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c a p a c i ty  and  b ic y c le  perfo rm ance a t  n in e ty - f iv e  p e rc e n t  o f  
th e  t o t a l  a e ro b ic  c a p a c i ty  su g g e s ts  t h a t  o th e r  f a c to r s  may 
p la y  an im p o rta n t r o le  i n  d e te rm in in g  su c c e ss  f o r  t h i s  ty p e  
o f  e x e r c is e  ( i . e .  m o tiv a tio n a l ,  le g  s t r e n g th ,  a n a e ro b ic  
c a p a c i ty ,  body co m p o sitio n , s p e c i f i c i t y  o f  t r a in in g ,  p a in  
t o l e r a n c e , e t c . ) .
3 . The la c k  o f  s u p e r io r i t y  o f  th e  t r a in e d  g roups o v e r th e  un­
t r a i n e d  g roups may su g g e s t t h a t  t r a c k  t r a i n in g  was n o t s u f ­
f i c i e n t l y  s p e c i f i c  t o  c o n d it io n  th e  body f o r  s u c c e s s fu l  
b ic y c le  e x e r c is e  a t  th e  i n t e n s i t y  and d u ra t io n  u sed  in  t h i s  
studyo
RECOMMENDATIONS
1 . S im ila r  s tu d ie s  w ith  l a r g e r  group s i z e s ,  com paring t r a in e d  
and  u n tr a in e d  men and women e x e r c is in g  a t  n in e ty - f iv e  p e r ­
c e n t  o f  th e  maximal oxygen in ta k e  p e r  f a t - f r e e  body w eight 
sh o u ld  add  i n s i g h t  to  th e  endurance c a p a b i l i t i e s  o f  th e  two 
s e x e s . T re a d m ill  t e s t i n g  sh o u ld  be u n d e rtak en  i n  o rd e r  to  
r e l a t e  th e  f in d in g s  t o  long  d is ta n c e  ru n n in g .
2 , H is to c h e m ic a l m easurem ents p re c e d in g  th e  submaximal t e s t  may 
sh ed  l i g h t  on th e  r o le  o f  m uscle f i b e r  ty p e s  and th e  a e ro b ic  
and  a n a e ro b ic  c a p a b i l i t i e s  i n  t h i s  ty p e  o f  perfo rm ance .
3« S tu d ie s  com paring men and women b ic y c l in g  a t  r e l a t i v e  f r i c ­
t i o n  lo a d s  e l i c i t i n g  d i f f e r e n t  p e rc e n ta g e s  o f  th e  maximal 
oxygen in ta k e  would be v a lu a b le  in  e lu c id a t in g  th e  endurance 
c a p a b i l i t i e s  o f  men and women.
4 . B ecause o f  th e  many v a r i a b le s  in f lu e n c in g  s u c c e s s fu l  b ic y c le
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p e rfo rm an c e s , a  s im i l a r  s tu d y  w ith  l a r g e r  group s i z e s  and 
u s in g  a  p a r t i a l  c o r r e l a t io n  m ethod to  remove th e  e f f e c t s  o f  
s t r e n g th  and a n a e ro b ic  c a p a c i ty  would shed  l i g h t  on th e  
c o n tr ib u t io n  o f  th e  maximal oxygen in ta k e  in  t h i s  ty p e  o f  
e x e r c i s e .
SUMMARY
The s i m i l a r i t i e s  i n  th e  e x h a u s tio n  tim e s  and  work o u tp u t m easure­
m ents among th e  men and women su g g e s ts  t h a t  th e  two sex es  had e q u a l capa­
b i l i t i e s  to  p e rfo rm  a t  n in e ty - f iv e  p e rc e n t  o f  th e  maximal oxygen in ta k e  
c a p a c i ty  when r e l a t i v e  w ork loads were u se d . The p h y s io lo g ic a l  b a s i s  o f  
th e s e  s i m i l a r i t i e s  rem ain s unansw ered, a s  ev id en ced  by th e  I n c o n s is te n t  
r e l a t i o n s h i p s  betw een a e ro b ic  c a p a c i ty  and  th e  m easurem ents o f  pe rfo rm ­
ance ( i . e .  work o u tp u t,  r i d in g  tim e , w o rk lo ad ). I t  a p p ea rs  t h a t  th e  
su c c e ss  o f  th e  b ic y c le  e x e r c is e  depends on a  complex com bination  o f 
f a c t o r s  ( i . e .  p s y c h o lo g ic a l ,  m e ta b o lic , s t r e n g th ) .  F u tu re  in v e s t ig a t io n s  
m ust a tte m p t t o  i s o l a t e  th e  in d iv id u a l  mechanisms c o n tr ib u t in g  to  th e  
perfo rm ance  i n  o rd e r  t o  u n d e rs ta n d  th e  p ro p o r t io n a te  r o le  o f  th e  a n ae ro b ic  
and a e ro b ic  p ro c e s s e s  i n  th e  p ro d u c tio n  o f  th e  energy  req u ire m e n ts  f o r  
t h i s  ty p e  o f  e x e r c i s e .  When r e s e a r c h e r s  a re  a b le  to  i s o l a t e  th e  v a r ia b le s  
o f  th e  b ic y c le  e x e r c i s e ,  th e y  w i l l  be b e t t e r  a b le  to  u n d e rs ta n d  th e  phy­
s i o l o g ic a l  im p l ic a t io n s  o f  th e  perfo rm ance  s i m i l a r i t i e s  o f  men and women 
a t  r e l a t i v e  w o rk lo ad s .
The s i m i l a r  a b i l i t i e s  o f  men and women c y c lin g  a t  r e l a t i v e  f r i c ­
t i o n  lo a d s  e l i c i t i n g  a  p e rc e n ta g e  ( n in e ty - f iv e  p e rc e n t)  o f  th e  maximal 
oxygen in ta k e  may su g g e s t t h a t  th e  p h y s io lo g ic a l  re sp o n se  o f  b o th  sex es  
t o  endurance  e x e rc is e  may be s im i l a r  when r e l a t i v e  w ork loads a re  u sed .
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T h is  may su g g e s t t h a t  s im i l a r  c a rd io v a s c u la r  t r a i n i n g  program s may he 
p r e s c r ib e d  f o r  m ales and  fem a le s  i f  th e  w ork loads a re  r e l a t i v e  to  th e  
c a rd io v a s c u la r  f i t n e s s  o f  th e  male o r  fe m a le , More em phasis must be 
p la c e d  on com paring men and women a t  r e l a t i v e  w ork loads, r a t h e r  th a n  
a b s o lu te  lo a d s .  T h is  may su g g e s t t h a t  t r a i n in g  program s must be b ased  
on r e l a t i v e  work i n t e n s i t i e s  e l i c i t i n g  a  p e rc e n ta g e  o f  th e  maximal oxygen 
in ta k e  c a p a c i ty .
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APPENDIX
TABLE V
OXYGEN INTAXE MEASUREMENTS AT 140 HEART RATE (‘bea ts/m inu te)
Subject 140 p u ise  r a te  oxygen in ta k e  
(m l/kg/m ln)
140 p u lse  r a te  workload 
(kpm/min)
S .G
TRAINED MEN
46,24 1080
D.E. 30.68 990
R.R. 39.41 1080
I.G . 44.09 1260
x = 4 0 ,ll x=1102.5
A.B.
TRAINED WOMEN
22.01 540
K.M. 28,20 540
M.H. 25.16 630
B.M. 23o20 540
x=24,64 x= 562.5
J .H .
UNTRAINED MEN
23.89 720
D .J. 15.64 540
J.A . 32.01 810
x=23.85 x= 690
UNTRAINED WOMEN
T.R. 20.63 540
K.M. 21.61 810
S.M. 30.90 540
x=24.38 x= 630
TABLE VI
HUMÂ  PERFORMANCE LABORATORY SAMPLE DATA SHEET
S ubject_______________________________________Date _________________Treatment^
C ontrol Datas Rm Temp________ B ar P r_______ R el Hum  O ral Temp___________
Body Wt___________ Ht___________ R estin g  P u l s e ___________________________________
L ast Food____________ Drink (n o t H^O)_____________Hrs Sip  L ast Ex
Other ______________________________________________________
T est P ro to c o ls
Gas A n a ly sis  ( F i s h e r ) : _
T l ( l in e s )  T2 X Argon( -  = 9) True 0^ R
GO.
CO.
4
V e n ti la t io n  (GF = Gasometer F ac to r)
P o s t P re  D if GF Vol Vol STDP Temp+Pres Vol Min
1,   - ______ = _______ X 5.158 + _______ = ______ X ______  ( ) = ______ T _____
2 .  -   X 5 . 1 5 8  + __________ = _________X _________ ( _____________ ) = ________ f  ___ ____
R e s u l ts : , . , . .
^ True 0^ VÔ  VÔ  WT(kg) VÔ
1 ,   X = ____________ L/min. ■_________ t _______________ =    (m l/kg/min)
, NJ2. X   =     T    =_____________
STATISTICAL ANALYSIS USED IN THIS STUDY
1 . SPEARMAN RANK-ORDER CORRELATION COEFFICIENT (Rho)
6 2  D^
p  =  -
N (N^ -  1)
2 . SINGLE CLASSIFICATION ANALYSIS OF VARIANCE
p _ mean sq u a re  f o r  "betw een" groups 
mean sq u a re  f o r  "w ith in "  groups
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